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DECLARATION OF AVI ASHKENAZI. Ph.D UNDER 37 C.F.R $ 1.132 

I, Avi Ashkenazi, Ph.D. declare and say as follows: - 

1 . I am Director and Staff Scientist at the Molecular Oncology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. I joined Genentech in 1988 as a postdoctoral fellow. Since then, I have 
investigated a variety of cellular signal transduction mechanisms, including apoptosis, and have 
developed technologies to modulate such mechanisms as a means of therapeutic intervention in 
cancer and autoimmune disease. I am currently involved in the investigation of a series of 
secreted proteins over-expressed in tumors, with the aim to identify useful targets for the 
development of therapeutic antibodies for cancer treatment. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

4. . Gene amplification is a process in which chromosomes undergo changes to 
contain multiple copies of certain genes that normally exist as a single copy, and is an important 
factor in the pathophysiology of cancer. Amplification of certain genes (e.g., Myc or Her2/Neu) 




gives cancer cells a growth or survival advantage relative to normal cells, and might also provide 
a mechanism of tumor cell resistance to chemotherapy or radiotherapy. 

5 . If gene amplification results in over-expression of the mRNA and the 
corresponding gene product, then it identifies that gene product as a promising target for cancer 
therapy, for example by the therapeutic antibody approach. Even in the absence of over- 
expression of the gene product, amplification of a cancer marker gene - as detected, for example, 
by the reverse transcriptase TaqMan® PCR or the fluorescence in situ hybridization (FISH) 
assays -is useful in the diagnosis or classification of cancer, or in predicting or monitoring the 
efficacy of cancer therapy. An increase in gene copy number can result not only from 
intrachromosomal changes but also from chromosomal aneuploidy. It is important to understand 
that detection of gene amplification can be used for cancer diagnosis even if the determination 
includes measurement of chromosomal aneuploidy. Indeed, as long as a significant difference 
relative to normal tissue is detected, it is irrelevant if the signal originates from an increase in the 
number of gene copies per chromosome and/or an abnormal number of chromosomes. 

6. I understand that according to the Patent Office, absent data demonstrating that 
the increased copy number of a gene in certain types of cancer leads to increased expression of 
its product, gene amplification data are insufficient to provide substantial utility or well 
established utility for the gene product (the encoded polypeptide), or an antibody specifically 
binding the encoded polypeptide. However, even when amplification of a cancer marker gene 
does not result in significant over-expression of the corresponding gene product, this very 
absence of gene product over-expression still provides significant information for cancer 
diagnosis and treatment. Thus, if over-expression of the gene product does not parallel gene 
amplification in certain tumor types but does so in others, then parallel monitoring of gene 
amplification and gene product over-expression enables more accurate tumor classification and 
hence better determination of suitable therapy. In addition, absence of over-expression is crucial 
information for the practicing clinician. If a gene is amplified but the corresponding gene 
product is not over-expressed, the clinician accordingly will decide not to treat a patient with 
agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true 
and that all statements made on information or belief are believed to be true, and further that 
these statements were, made with the knowledge that willful false statements and the like so 




made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful statements may jeopardize the validity of the 
application or any patent issued thereon. 

By: /(vnAvU^^o Da te: 4 j 1 IS 

Avi Ashkenazi, Ph.D. ' 



SV 455281 vl 

9/12/03 3:06 PM (39780.7000) 





CURRICULUM VITAE 



Avi Ashkenazi 



July 2003 



Personal: 

Date of birth: 

Address: 

Phone: 

Fax: 

Email: 

Education: 

1983: 
1986: 

Employment: 

1983-1986: 

1985- 1986: 

1986- 1988: 

1988- 1989: 

1989- 1993: 
1994-1996: 

1996- 1997: 

1997- 1990: 
1999 -2002: 
2002-present: 

Awards: 

1988: 



29 November, 1956 

1456 Tarrytown Street, San Mateo, CA 94402 
(650) 578-9199 (home); (650) 225-1853 (office) 
(650) 225-6443 (office) 
aa@gene.com 

B.S. in Biochemistry, with honors, Hebrew University, Israel 
Ph.D. in Biochemistry, Hebrew University, Israel 

Teaching assistant, undergraduate level course in Biochemistry 
Teaching assistant, graduate level course on Signal Transduction 
Postdoctoral fellow, Hormone Research Dept., UCSF, and 
Developmental Biology Dept., Genentech, Inc., with J. Ramachandran 
Postdoctoral fellow, Molecular Biology Dept., Genentech, Inc., 
with D. Capon 

Scientist, Molecular Biology Dept., Genentech, Inc. 
Senior Scientist, Molecular Oncology Dept., Genentech, Inc. 
Senior Scientist and Interim director, Molecular Oncology Dept., 
Genentech, Inc. 

Senior Scientist and preclinical project team leader, Genentech, Inc. 

Staff Scientist in Molecular Oncology, Genentech, Inc. 

Staff Scientist and Director in Molecular Oncology, Genentech, Inc. 

First prize, The Boehringer Ingelheim Award 



1 



Editorial: 

Editorial Board Member: Current Biology 
Associate Editor, Clinical Cancer Research. 
Associate Editor, Cancer Biology and Therapy. 

Refereed papers: 

1 . Gertler, A., Ashkenazi. A., and Madar, Z. Binding sites for human growth 
hormone and ovine and bovine prolactins in the mammary gland and liver of the 
lactating cow. Mol. Cell. Endocrinol 34, 51^57 (1984). 

2. Gertler, A., Shamay, A., Cohen, N., Ashkenazi. A., Friesen, H., Levanon, A., 
Gorecki, M„ Aviv, H., Hadari, D., and Vogel, T. Inhibition of lactogenic 
activities of ovine prolactin and human growth hormone (hGH) by a novel form of 
a modified recombinant hGH. Endocrinology 118, 720-726 (1 986). 

3 . Ashkenazi. A.. Madar, Z., and Gertler, A. Partial purification and characterization 
of bovine mammary gland prolactin receptor. Mol. Cell. Endocrinol. 50, 79-87 
(1987). 

4. Ashkenazi. A.. Pines, M., and Gertler, A. Down-regulation of lactogenic 
hormone receptors in Nb2 lymphoma cells by cholera toxin. Biochemistry 
Internatl 14, 1065-1072 (1987). 

5 . Ashkenazi. A. . Cohen, R., arid Gertler, A. Characterization of lactogen receptors 
in lactogenic hormone-dependent and independent Nb2 lymphoma cell lines. 
FEBSLett. 210,51-55 (1987).. 

6. Ashkenazi. A.. Vogel, T., Barash, I., Hadari, D., Levanon, A., Gorecki, M., and 
Gertler, A. Comparative study on in vitro and in vivo modulation of lactogenic 
and somatotropic receptors by native human growth hormone and its modified 
recombinant analog. Endocrinology 111, 414-419 (1987). 

7. Peralta, E., Winslow, J., Peterson, G., Smith, D., Ashkenazi. A., Ramachandran, 
J., Schimerlik, M., and Capon, D. Primary structure and biochemical properties 
of an M2 muscarinic receptor. Science 236, 600-605 (1987). 

8. Peralta, E. Ashkenazi. A.. Winslow, J., Smith, D., Ramachandran, J., and Capon, 
D. J. Distincnt primary structures, ligand-binding properties and tissue-specific 
expression of four human muscarinic acetylcholine receptors. EMBO J. 6, 3923- 
3929(1987). 

9. Ashkenazi. A.. Winslow, J., Peralta, E., Peterson, G., Schimerlik, M., Capon, D., 
and Ramachandran, J. An M2 muscarinic receptor subtype coupled to both 
adenylyl cyclase and phosphoinositide turnover. Science 238, 672-675 (1987). 



10. Pines, M., Ashkenazi. A., Cohen-Chapnik, N., Binder, L., and Gertler, A. 
Inhibition of the proliferation of Nb2 lymphoma cells by femtomolar 
concentrations of cholera toxin and partial reversal of the effect by 12-o- 
tetradecanoyl-phorbol-13-acetate. J. Cell. Biochem. 37, 1 19-129 (1988). 

1 1 . Peralta, E. Ashkenazi. A., Winslow, J. Ramachandran, J., and Capon, D. 
Differential regulation of PI hydrolysis and adenylyl cyclase by muscarinic 
receptor subtypes. Nature 334, 434-437 (1988). 

12. Ashkenazi., A. Peralta, E., Winslow, J., Ramachandran, J ., and Capon, D. 
Functionally distinct G proteins couple different receptors to PI hydrolysis in the 
same cell. Cell 56, 487-493 (1989). 

13. Ashkenazi, A., Ramachandran, J., and Capon, D. Acetylcholine analogue 
stimulates DNA synthesis in brain-derived cells via' specific muscarinic 
acetylcholine receptor subtypes. Nature 340, 146-150 (1989). 

14. Lammare, D., Ashkenazi. A., Fleury, S., Smith, D., Sekaly, R., and Capon, D. 
The MHC-binding and gpl20-binding domains of CD4 are distinct and separable. 
Science 245, 743-745 (1989). 

1 5 . Ashkenazi., A., Presta, L., Marsters, S., Camerato, T., Rosenthal, K., Fendly, B., 
and Capon, D. Mapping the CD4 binding site for human immunodefficiency 
virus type 1 by alanine-scanning mutagenesis. Proc. Natl. Acad. Sci. USA. 87, 
7150-7154(1990). 

16. Chamow, S., Peers, D., Byrn, R., Mulkerrin, M., Harris, R. s Wang, W., Bjorkman, 
P., Capon, D., and Ashkenazi. A. Enzymatic cleavage of a CD4 immunoadhesin 
generates crystallizable, biologically active Fd-like fragments. Biochemistry 29, 
9885-9891 (1990). 

17. Ashkenazi. A., Smith, D., Marsters, S., Riddle, L., Gregory, T., Ho, D., and 
Capon, D. Resistance of primary isolates of human immunodefficiency virus type 
1 to soluble CD4 is independent of CD4-rgp 1 20 binding affinity. Proc. Natl. 
Acad. Sci. USA. 88, 7056-7060 (1991). 

1 8. Ashkenazi. A., Marsters, S., Capon, D., Chamow, S., Figari., L, Pennica, D., 
Goeddel., D., Palladino, M., and Smith, D. Protection against endotoxic shock by 
a tumor necrosis factor receptor immunoadhesin. Proc. Natl. Acad. Sci. USA. 88, 
10535-10539 (1991). 

19. Moore, J., McKeating, J., Huang, Y., Ashkenazi^A., and Ho, D. Virions of 
primary HIV-1 isolates resistant to sCD4 neutralization differ in sCD4 affinity and 
glycoprotein gpl20 retention from sCD4-sensitive isolates. J. Virol. 66, 235-243 
(1992). 
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20. Jin, H., Oksenberg, D., Ashkenazi. A.. Peroutka, S., Duncan, A., Rozmahel., R., 
Yang, Y., Mengod, G., Palacios, J., and O'Dowd, B. Characterization of the 
human 5-hydroxytrvptamineiB receptor. J. Biol. Chem. 267, 5735-5738 (1992). 

21 . Marsters, A., Frutkin, A., Simpson, N., Fendly, B. and Ashkenazi. A. 
Identification of cysteine-rich domains of the type 1 tumor necrosis receptor 
involved in ligand binding. J. Biol. Chem. 267, 5747-5750 (1992). 

22. Chamow, S., Kogan, T., Peers, D., Hastings, R., Byrn, R., and Ashkenazi. A. 
Conjugation of sCD4 without loss of biological activity via a novel carbohydrate- 
directed cross-linking reagent. J. Biol. Chem. 267, 15916-15922 (1992). 

23. Oksenberg, D., Marsters, A., O'Dowd, B., Jin, H., Havlik, S., Peroutka, S., and 
Ashkenazi. A. A single amino-acid difference confers major pharmacologic 
variation between human and rodent 5-HTib receptors. Nature 360, 161-163 

(1992) . 

24. Haak-Frendscho, M., Marsters, S., Chamow, S., Peers, D., Simpson, N., and 
Ashkenazi. A. Inhibition of interferon y by an interferon y receptor 
immunoadhesin. Immunology 79, 594-599 (1993). 

25. Penica, D., Lam, V., Weber, R., Kohr, W., Basa, L., Spellman, M., Ashkenazi. 
Shire, S., and Goeddel, D. Biochemical characterization of the extracellular 
domain of the 75-kd tumor necrosis factor receptor. Biochemistry 32, 3131-3138. 

(1993) . 

26. Barfod, L., Zheng, Y., Kuang, W., Hart, M., Evans, T., Cerione, R., and 
Ashkenazi. A. Cloning and expression of a human CDC42 GTPase Activating 
Protein reveals a functional SH3-binding domain. J. Biol. Chem. 268, 26059- 
26062(1993). . 

27. Chamow, S., Zhang, D., Tan, X., Mhtre, S., Marsters, S., Peers, D., Byrn, R., 
Ashkenazi. A., and Yunghans, R. A humanized bispecific immunoadhesin- 
antibody that retargets CD3+ effectors to kill HTV-1 -infected cells. J. Immunol 
153,4268-4280(1994). 

28. Means, R., Krantz, S., Luna, J., Marsters, S., and Ashkenazi. A. Inhibition of 
murine erythroid colony formation in vitro by iterferon y and correction by 
interferon y receptor immunoadhesin. Blood 83, 911-915 (1994). 

29. Haak-Frendscho, M., Marsters, S., Mordenti, J., Gillet, N., Chen, S., 
an dAshkenazi. A. Inhibition of TNF by a TNF receptor immunoadhesin: 
comparison with an anti-TNF mAb. J. Immunol. 152, 1347-1353 (1994). 
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30. Chamow, S., Kogan, T., Venuti, M., Gadek, T., Peers, D., Mordenti, J ., Shak, S., 
and Ashkenazi. A. Modification of CD4 immunoadhesin with monomethoxy- 
PEG aldehyde via reductive alkilation. Bioconj. Chenu 5, 133-140 (1994). 

31. Jin, H., Yang, R., Marsters, S., Bunting, S., Wurm, F., Chamow, S., and 
Ashkenazi, A. Protection against rat endotoxic shock by p55 tumor necrosis factor 
(TNF) receptor immunoadhesin: comparison to anti-TNF monoclonal antibody, /. 
Infect. Diseases 170, 1323-1326 (1994). 

32. Beck, J., Marsters, S., Harris, R., Ashkena^A, and Chamow, S. Generation of 
soluble interleukin-1 receptor from an immunoadhesin by specific cleavage. Mol. 
Immunol. 31,1335-1344(1994). 

33. Pitti, B., Marsters, M., Haak-Frendscho, M., Osaka, G., Mordenti, J., Chamow, S., 
and Ashkenazi, A. Molecular and biological properties of an interleukin-1 
receptor immunoadhesin. Mol. Immunol. 31, 1345-1351 (1994). 

34. Oksenberg, D., Havlik, S., Peroutka, S., and Ashkenazi. A. The third intracellular 
loop of the 5-HT2 receptor specifies effector coupling. J. Neurochem. 64, 1440- 
1447(1995). 

35. Bach, E., Szabo, S., Dighe, A., Ashkenazi, A., Aguet, M,, Murphy, K., and 
Schreiber, R. Ligand-induced autoregulation of IFN-y receptor |3 chain expression 
in T helper cell subsets. Science 270, 1215-1218 (1995). 

36. Jin, H., Yang, R., Marsters, S., Ashkenazi. A., Bunting, S., Marra, M., Scott, R., 
and Baker, J. Protection against endotoxic shock by bactericidal/permeability- 
increasing protein in rats. J. Clin. Invest. 95, 1947-1952 (1995). 

37. Marsters, S., Penica, D., Bach, E., Schreiber, R., and Ashkenazi. A. Interferon y 
signals via a high-affinity multisubunit receptor complex that contains two types 
of polypeptide chain, Proc. Natl. Acad. Sci. USA 92, 5401-5405 (1995). 

38. Van Zee, K., Moldawer, L., Oldenburg, H., Thompson, W., Stackpole, S., 
Montegut, W., Rogy, M., Meschter, C, Gallati, H., Schiller, C, Richter, W., 
Loetcher, H., Ashkenazi. A ., Chamow, S., Wurm, F., Calvano, S., Lowry, S., and 
Lesslauer, W. Protection against lethal E. coli bacteremia in baboons by 
pretreatment with a 55-kDa TNF receptor-Ig fusion protein, Ro45-2081. J. 
Immunol. 156, 2221-2230 (1996). 

39. Pitti, R., Marsters, S., Ruppert, S., Donahue, C, Moore, A., and Ashkenazi. A. 
Induction of apoptosis by Apo-2 Ligand, a new member of the tumor necrosis 
factor cytokine family. /. Biol. Chem. Ill, 12687-12690 (1996), 
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40. Marsters, S., Pitti, R., Donahue, C, Rupert, S., Bauer, K., and Ashkenazi, A. 
Activation of apoptosis by Apo-2 ligand is independent of F ADD but blocked by 
CrmA. Curr. Biol. 6, 1669-1676 (1996). 

41. Marsters, S., Skubatch, M., Gray, C, and Ashkenazi. A . Herpesvirus entry 
mediator, a novel member of the tumor necrosis factor receptor family, activates 
the NF-kB and AP-1 transcription factors. J. Biol. Chem. 272, 14029-14032 
(1997). 

42. Sheridan, J., Marsters, S., Pitti, R, Gurney, A., Skubatch, M., Baldwin, D., 
Ramakrishnan, L., Gray, C, Baker, K., Wood, W.I., Goddard, A., Godowski, P., and 
Ashkenazi. A. Control of TRATL-induced apoptosis by a family of signaling and 
decoy receptors. Science 277, 8 1 8-82 1 ( 1 997). 

43. Marsters, S., Sheridan, J., Pitti, R., Gumey, A., Skubatch, M., Balswin, D., Huang, A., 
Yuan, J., Goddard, A., Godowski, P., and Ashkenazi. A. A novel receptor for 
Apo2L/TRAIL contains a truncated death domain. Curr. Biol. 7, 1003-1006 (1997). 

44. Marsters, A., Sheridan, J., Pitti, R., Brush, J., Goddard, A., and Ashkenazi, A. 
Identification of a ligand for the death-domain-containing receptor Apo3 . Curr. Biol. 
8,525-528(1998). 

45. Rieger, J., Naumann, U., Glaser, T., Ashkenazi^A., and Weller, M. Apo2 ligand: 
a novel weapon against malignant glioma? FEB S Lett. 427, 124-128 (1998). 

46. Pender, S., Fell, J., Chamow, S., Ashkenazi. A ., and MacDonald, T. A p55 TNF 
receptor immunoadhesin prevents T cell mediated intestinal injury by inhibiting 
matrix metalloproteinase production. /. Immunol. 160, 4098-4103 (1998). 

47. Pitti, R, Marsters, S., Lawrence, D., Roy, Kischkel, F., M., Dowd, P., Huang, A., 
Donahue, C, Sherwood, S., Baldwin, D., Godowski, P., Wood, W., Gumey, A., 
Hillan, K., Cohen, R, Goddard, A., Botstein, D., and Ashkenazi. A. Genomic 
amplification of a decoy receptor for Fas ligand in lung and colon cancer. Nature 
396, 699-703 (1998). 

48. Mori, S., Marakami-Mori, K., Nakamura, S., Ashkenazi. A ., and Bonavida, B. 
Sensitization of ADDS Kaposi's sarcoma cells to Apo-2 ligand-induced apoptosis 
by actinomycin D. J. Immunol. 162, 5616-5623 (1999). 

49. Gurney, A. Marsters, S., Huang, A., Pitti, R, Mark, M., Baldwin, D., Gray, A., 
Dowd, P., Brush, J., Heldehs, S., Schow, P., Goddard, A., Wood, W., Baker, K., 
Godowski. P.. and Ashkenazi. A. Identification of a new member of the tumor 
necrosis factor family and its receptor, a human ortholog of mouse GUR. Curr. 
Biol. 9, 215-218 (1999). 
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50. Ashkenazi. A ., Pai, R., Fong, s., Leung, S., Lawrence, D., Marsters, S., Blackie, 
C, Chang, L., McMurtrey, A., Hebert, A., DeForge, L., Khoumenis, I., Lewis, D., 
Harris, L., Bussiere, J., Koeppen, H., Shahrokh, Z., and Schwall, R. Safety and 
anti-tumor activity of recombinant soluble Apo2 ligand. J. Clin. Invest. 104, 155- 
162 (1999). 

51. Chuntharapai, A., Gibbs, V., Lu, J., Ow, A., Marsters, S., Ashkenazi, A., De Vos, 
A., Kim, K.J. Determination of residues involved in ligand binding and signal 
transmission in the human IFN-a receptor 2. J. Immunol. 163, 766-773 (1999). 

52. Johnsen, A.-C, Haux, J., Steinkjer, B., Nonstad, U., Egeberg, K., Sundan, A., 
Ashkenazi. A., and Espevik, T. Regulation of Apo2L/TRAIL expression in NK 
cells - involvement in NK cell-mediated cytotoxicity. Cytokine 11, 664-672 
(1999). 

53. Roth, W., Isenmann, S., Naumann, U., Kugler, S., Bahr, M., Dichgans, L, 
Ashkenazi. A., and Weller, M. Eradication of intracranial human malignant 
glioma xenografts by Apo2L/TRAIL. Biochem. Biophys. Res. Commun. 265, 479- 
483 (1999). 

54. Hymowitz, S.G., Christinger, H.W., Fuh, G., Ultsch, M., O'Connell, M., Kelley, 
R.F., Ashkenazi. A. and de Vos, A.M. Triggering Cell Death: The Crystal 
Structure of Apo2L/TRAIL in a Complex with Death Receptor 5. Molec. Cell 4, 
563-571 (1999). 

55. Hymowitz, S.G., O'Connel, M.P.,'Utsch, M.H., Hurst, A., Totpal, K., Ashkenazi, 
A., de Vos, A.M., Kelley, R.F. A unique zinc-binding site revealed by a high- 
resplution X-ray structure of hqmotrimeric Apo2L/TRATL. Biochemistry 39, 633- 
640(2000). 

56. Zhou, Q., Fukushima, P., DeGraff, W., Mitchell, J.B., Stetler-Stevenson, M., 
AshkenazirA.. and Steeg, P.S. Radiation and the Apo2L/TRAIL apoptotic 
pathway preferentially inhibit the colonization of premalignant human breast 
cancer cells overexpressing cyclin Dl. Cancer Res. 60, 261 1-2615 (2000). 

57. Kischkel, F.C., Lawrence, D. A., Chuntharapai, A., Schow, P., Kim, J ., and 
Ashkenazi. A. Apo2L/TRATL-dependent recruitment of endogenous FADD and 
Caspase-8 to death receptors 4 and 5. Immunity 12, 61 1-620 (2000). 

58. Yan, M., Marsters, S.A., Grewal, I.S., Wang, H., * Ashkenazi. A., and *Dixit, 
V.M. Identification of a receptor for BlyS demonstrates a crucial role in humoral 
immunity. Nature Immunol. 1, 37-41 (2000). 
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59. Marsters, S.A., Yan, M., Pitti, R.M., Haas, P.E., Dixit, V.M., and Ashkenazi, A. 
Interaction of the TNF homologues BLyS and APRIL with the TNF receptor 
homologues BCMA and TAGI. Curr. Biol. 10, 785-788 (2000). 

60. Kischkel, F.C., and Ashkenazi, A . Combining enhanced metabolic labeling with 
immunoblotting to detect interactions of endogenous cellular proteins. 
Biotechniques 29, 506-512 (2000). 

61 . Lawrence, D., Shahrokh, Z., Marsters, S., Achilles, K., Shih, D. Mounho, B., 
Hillan, K., Totpal, K. DeForge, L., Schow, P., Hooley, J., Sherwood, S., Pai, R., 
Leung, S., Khan, L., Gliniak, B., Bussiere, J., Smith, C, Strom, S., Kelley, S., 
Fox, J., Thomas, D., and Ashkenazi. A. Differential hepatocyte toxicity of 
recombinant Apo2L/TRAIL versions. Nature Med. 7, 383-385 (2001). 

62. Chuntharapai, A., Dodge, K., Grimmer, K., Schroeder, K., Martsters, S. A., 
Koeppen, H., Ashkenazi. A ., and Kim, K.J. Isotype-dependent inhibition of 
tumor growth in vivo by monoclonal antibodies to death receptor 4. /. Immunol. 
166,4891-4898 (2001). 

63. Pollack, T.F., Erff, M., and AshkenazLA- Direct stimulation of apoptotic 
signaling by soluble Apo2L/tumor necrosis factor^related apoptosis-inducing 
ligand leads to selective killing of glioma cells. Clin. Cancer Res. 7, 1362-1369 
(2001). 

64. Wang, H., Marsters, S.A., Baker, T., Chan, B., Lee, W.P., Fu, L., Tumas, D., Yan, 
M., Dixit, V.M., * Ashkenazi. A ., and *Grewal, I.S. TACI-ligand interactions are 
required for T cell activation and collagen-induced arthritis in mice. Nature 
Immunol. 2, 632-637 (2001). 

65. Kischkel, F.C., Lawrence, D. A., Tinel, A., Virmani, A., Schow, P., Gazdar, A., 
Blenis, J., Arnott, D., and Ashkenazi. A . Death receptor recruitment of 
endogenous caspase-10 and apoptosis initiation in the absence of caspase-8. J. 
Biol. Chem. 276, 46639-46646 (2001). 

66. LeBlanc, H., Lawrence, D.A., Varfolomeev, E., Totpal, K., Morlan, J., Schow, P., 
Fong, S., Schwall, R., Sinicropi, D., and Ashkenazi. A T umor cell resistance to 
death receptor induced apoptosis through mutational inactivation of the 
proapoptotitc Bcl-2 homolog Bax. Nature Med. 8, 274-281 (2002). 

67. Miller, K., Meng, G., Liu, J., Hurst, A., Hsei, V., Wong, W-L., Ekert, R., 
Lawrence, D., Sherwood, S., DeForge, L., Gaudreault., Keller, G., Sliwkowski, 
M.. Ashkenazi. A ., and Presta, L. Design, Construction, and analyses of 
multivalent antibodies. J. Immunol. 170, 4854-4861 (2003). 
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68. Varfolomeev, E., Kischkel, F., Martin, F., Wanh, H., Lawrence, D., Olsson, C, 
Tom, L., Erickson, S., French, D., Schow, P., Grewal, I. and Ashkenazi. A. 
Immune system development in APRIL knockout mice. Submitted. 

Review articles: 

1 . Ashkenazi. A., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D., J. 
Functional role of muscarinic acetylcholine receptor subtype diversity. Cold 
Spring Harbor Symposium on Quantitative Biology. LIII, 263-272 (1988). 

2. Ashkenazi. A ., Peralta, E., Winslow, J., Ramachandran, J., and Capon, D. 
Functional diversity of muscarinic receptor subtypes in cellular signal 
transduction and growth. Trends Pharmacol. Sci. Dec Supplement, 12-21 (1989). 

3. Chamow, S., Duliege, A., Ammann, A., Kahn, J., Allen, D., Eichberg, J ., Byrn, 
R., Capon, D., Ward, R., and Ashkenazi. A . CD4 immunoadhesins in anti-HTV 
therapy: new developments. Int. J. Cancer Supplement 7, 69-72 (1992). 

4. Ashkenazi. A .. Capon, and D. Ward, R. Immunoadhesins. Int. Rev. Immunol. 10, 
217-225(1993). 

5. Ashkenazi. A ., and Peralta, E. Muscarinic Receptors. In Handbook of Receptors 
and Channels. (S. Peroutka, ed.), CRC Press, Boca Raton, Vol. I, p. 1-27, (1994). 

6. Krantz, S. B., Means, R. T., Jr., Lina, J., Marsters, S. A., and Ashkenazi, A. 
Inhibition of erythroid colony formation in vitro by gamma interferon. In 
Molecular Biology of Hematopoiesis (N. Abraham, R. Shadduck, A. Levine F. 
Takaku, eds.) Intercept Ltd. Paris, Vol. 3, p. 135-147 (1994). 

7. Ashkenazi. A . Cytokine neutralization as a potential therapeutic approach for 
SIRS and shock. J. Biotechnology in Healthcare 1, 197-206(1994). 

8. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins: an alternative to human 
monoclonal antibodies. Immunomethods: A companion to Methods in 
Enzimology 8, 104-115 (1995). 

9. Chamow, S., and Ashkenazi. A . Immunoadhesins: Principles and Applications. 
Trends Biotech. 14, 52-60 (1996). 

10. Ashkenazi. A ., and Chamow, S. M. Immunoadhesins as research tools and 
therapeutic agents. Curr. Opin. Immunol. 9, 195-200 (1997). 

11. Ashkenazi. A ., and Dixit, V. Death receptors: signaling and modulation. Science 
281,1305-1308 (1998). 

12. Ashkenazi. A ., and Dixit, V. Apoptosis control by death and decoy receptors. 
Curr. Opin. Cell. Biol. 11, 255-260 (1999). 
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1 3 . Ashkenazi. A . Chapters on Apo2L/TRAIL; DR4, DR5, DcRl , DcR2; and DcR3 . 
Online Cytokine Handbook (www.apnet.com/cytokinereference/) . 

14. Ashkenazi. A . Targeting death and decoy receptors of the tumor necrosis factor 
superfamily. Nature Rev. Cancer 2, 420-430 (2002). 

15. LeBlanc, H. and Ashkenazi, A . Apoptosis signaling by Apo2L/TRAEL. Cell Death 
and Differentiation 10, 66-75 (2003). 

16. Almasan, A. and Ashkenazi. A . Apo2L/TRAIL: apoptosis signaling, biology, and 
potential for cancer therapy. Cytokine and Growth Factor Reviews 14, 337-348 
(2003). 

Book: 

Antibody Fusion Proteins (Chamow, S., and Ashkenazi. A ., eds., John Wiley and 
Sons Inc.) (1999). 

Talks: 

1 . Resistance of primary FflV isolates to CD4 is independent of CD4-gpl20 binding 
affinity. UCSD Symposium, HIV Disease: Pathogenesis and Therapy. 
Greenelefe, FL, March 1991. 

2. Use of immuno-hybrids to extend the half-life of receptors. EBC conference on 
Biopharmaceutical Halflife Extension. New Orleans, LA, June 1992. 

3. Results with TNF receptor Immunoadhesins for the Treatment of Sepsis. IBC 
conference on Endotoxemia and Sepsis. Philadelphia, PA, June 1992. 

4. Immunoadhesins: an alternative to human antibodies. EBC conference on 
Antibody Engineering. San Diego, C A, December 1993. 

5 . Tumor necrosis factor receptor: a potential therapeutic for human septic shock. 
American Society for Microbiology Meeting, Atlanta, GA, May 1 993 . 

6. Protective efficiacy of TNF receptor immunoadhesin vs anti-TNF monoclonal 
antibody in a rat model for endotoxic shock. 5th International Congress on TNF. 
Asilomar, CA, May 1994. 

7. Interferon-y signals via a multisubunit receptor complex that contains two types of 
polypeptide chain. American Association of Immunologists Conference. San 
Franciso, CA, July 1995. 

8. Immunoadhesins: Principles and Applications. Gordon Research Conference on 
Drug Delivery in Biology and Medicine. Ventura, CA, February 1996. 



9. Apo-2 Ligand, a new member of the TNF family that induces apoptosis in tumor 
cells. Cambridge.Symposium on TNF and Related Cytokines in Treatment of 
Cancer. Hilton-Head, NC, March 1996. 

10. Induction of apoptosis by Apo2 Ligand. American Society for Biochemistry and 
Molecular Biology, Symposium on Growth Factors and Cytokine Receptors. New 
Orleans, LA, June, 1996. 

11. Apo2 ligand, an extracellular trigger of apoptosis. 2nd Clontech Symposium, 

Palo Alto, CA, October 1996. 

12. Regulation of apoptosis by members of the TNF ligand and receptor families. 

Stanford University School of Medicine, Palo Alto, CA, December 1996. 

13. Apo-3: anovel receptor that regulates cell death and inflammation. 4th 
International Congress on Immune Consequences of Trauma, Shock, and Sepsis. 
Munich, Germany, March 1997. 

14. New members of the TNF ligand and receptor families that regulate apoptosis, 
inflammation, and immunity. UCLA School of Medicine, LA, CA, March 1997. 

15. Immunoadhesins: an alternative to monoclonal antibodies. 5th World Conference 
on Bispecific Antibodies. Volendam, Holland, June 1997. 

16. Control of Apo2L signaling. Cold Spring Harbor Laboratory Symposium on 
Programmed Cell Death. Cold Spring Harbor, New York. September, 1997. 

17. Chairman and speaker, Apoptosis Signaling session. BC's 4th Annual 
Conference on Apoptosis. San Diego, CA., October 1997. 

1 8 . Control of Apo2L signaling by death and decoy receptors. American Association 
for the Advancement of Science. Philladelphia, PA, February 1998. 

19. Apo2 ligand and its receptors. American Society of Lnmunologists. San 
Francisco, CA, April 1998. 

20. Death receptors and ligands. 7th International TNF Congress. Cape Cod, MA, 

May 1998. 

21. Apo2L as a potential therapeutic for cancer. UCLA School of Medicine. LA, 
. CA, June 1998. 

22. Apo2L as a potential therapeutic for cancer. Gordon Research Conference on 
Cancer Chemotherapy. New London, NH, July 1998. 

23; Control of apoptosis by Apo2L. Endocrine Society Conference, Stevenson, WA, 
August 1998. 

24. Control of apoptosis by Apo2L. International Cytokine Society Conference, 
Jerusalem, Israel, October 1998. 



11 



25. Apoptosis control by death and decoy receptors. American Association for 
Cancer Research Conference, Whistler, BC, Canada, March 1 999. 

26. Apoptosis control by death and decoy receptors. American Society for 
Biochemistry and Molecular Biology Conference, San Francisco, CA, May 1999. 

27. Apoptosis control by death and decoy receptors. Gordon Research Conference on 
Apoptosis, New London, NH, June 1999. 

28. Apoptosis control by death and decoy receptors. Arthritis Foundation Research 
Conference, Alexandria GA, Aug 1999. 

29. Safety and anti-tumor activity of recombinant soluble Apo2L/TRAIL. Cold 
Spring Harbor Laboratory Symposium on Programmed Cell Death. . Cold Spring 
Harbor, NY, September 1999. 

30. The Apo2L/TRAIL system: therapeutic potential. American Association for 
Cancer Research, Lake Tahoe, NV, Feb 2000. 

3 1 . Apoptosis and cancer therapy. Stanford University School of Medicine, Stanford, 
CA, Mar 2000. 

32. Apoptosis and cancer therapy. University of Pennsylvania School of Medicine, 
Philadelphia, PA, Apr 2000. 

33. Apoptosis signaling by Apo2L/TRAIL. International Congress on TNF. 
Trondheim, Norway, May 2000. 

34. The Apo2L/TRATL system: therapeutic potential. Cap-CURE summit meeting. 
Santa Monica, CA, June 2000. 

35. The Apo2L/TRAIL system: therapeutic potential. MD Anderson Cancer Center. 
Houston, TX, June 2000. 

36. Apoptosis signaling by Apo2L/TRATL. The Protein Society, 14 th Symposium. 
San Diego, CA, August 2000.. 

37. Anti-tumor activity of Apo2L/TRATL. AAPS annual meeting. Indianapolis, IN 
Aug 2000. 

38. Apoptosis signaling and anti-cancer potential of Apo2L/TRAIL. Cancer Research 
Institute, UC San Francisco, CA, September 2000. 

39. Apoptosis signaling by Apo2L/TRAIL. Kenote address, TNF family 
Minisymposium, NIH. Bethesda, MD, September 2000. 

40. Death receptors: signaling and modulation. Keystone symposium on the 
Molecular basis of cancer. Taos, NM, Jan 2001. . 

41. Preclinical studies of Apo2L/TRATL in cancer. Symposium on Targeted therapies 
in the treatment of lung cancer. Aspen, CO, Jan 2001. 
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42. Apoptosis signaling by Apo2L/TRAIL. Wiezmann Institute of Science, Rehovot, 
Israel, March 2001. 

43. Apo2L/TRAIL: Apoptosis signaling and potential for cancer therapy. Weizmann 
Institute of Science, Rehovot, Israel, March 200 1 . 

44. Targeting death receptors in cancer with Apo2L/TRAIL. Cell Death and Disease 
conference, North Falmouth, MA, Jun 2001. 

45. Targeting death receptors in cancer with Apo2L/TRAIL. Biotechnology 
Organization conference, San Diego, CA, Jun 2001. 

46. Apo2L/TRADL signaling and apoptosis resistance mechanisms. Gordon Research 
Conference on Apoptosis, Oxford, UK, July 2001. 

47. Apo2L/TRAIL signaling and apoptosis resistance mechanisms. Cleveland Clinic 
Foundation, Cleveland, OH, Oct 2001. 

48. Apoptosis signaling by death receptors: overview. International Society for 
Interferon and Cytokine Research conference, Cleveland, OH, Oct 2001. 

49. * Apoptosis signaling by death receptors. American Society of Nephrology 

Conference. San Francisco, C A, Oct 200 1 . 

50. Targeting death receptors in cancer; Apoptosis: commercial opportunities. San 
Diego, CA, Apr 2002. 

51. Apo2L/TRAJL signaling and apoptosis resistance mechanisms. Kimmel Cancer 
Research Center, Johns Hopkins University, Baltimore MD. May 2002. 

52. Apoptosis control by Apo2L/TRAIL. (Keynote Address) University of Alabama 
Cancer Center Retreat, Birmingham, Ab. October 2002. 

53. Apoptosis signaling by Apo2L/TRAIL. (Session co-chair) TNF international 
conference. San Diego, CA. October 2002. 

54. Apoptosis signaling by Apo2L/TRAIL. Swiss Institute for Cancer Research 
(ISREC). Lausanne, Swizerland. Jan 2003. 

55. Apoptosis induction with Apo2L/TRAJL. Conference on New Targets and 
Innovative Strategies in Cancer Treatment. Monte Carlo. February 2003. 

56. Apoptosis signaling by Apo2L/TRAIL. Hermelin Brain Tumor Center 
Symposium on Apoptosis. Detroit, MI. April 2003. 

57. Targeting apoptosis through death receptors. Sixth Annual Conference on 
Targeted Therapies in the Treatment of Breast Cancer. Kona, Hawaii. July 2003 . 

58. Targeting apoptosis through death receptors. Second International Conference on 
Targeted Cancer Therapy. Washington, DC. Aug 2003. 

Issued Patents: 



1 . Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,329,028 (Jul 12, 1994). 

2. Ashkenazi, A., Chamow, S. and Kogan, T, Carbohydrate-directed crosslinking 
reagents. US patent 5,605,791 (Feb 25, 1997). 

3. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 5,889,155 (Jul 27, 1999). 

4. Ashkenazi, A., APO-2 Ligand. US patent 6,030,945 (Feb 29, 2000). 

5. Ashkenazi, A., Chuntharapai, A., Kim, J., APO-2 ligand antibodies. US patent 6, 
046, 048 (Apr 4, 2000). 

6. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,124,435 (Sep 26, 2000). 

7. Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross- 
reactive antibodies. US patent 6,252,050 (Jun 26, 2001). 

8. Ashkenazi, A. APO-2 Receptor. US patent 6,342,369 (Jan 29, 2002). 

9. Ashkenazi, A. Fong, S., Goddard, A., Gumey, A., Napier, M., Tumas, D., Wood, W. 
A-33 polypeptides. US patent 6,410,708 (Jun 25, 2002). 

10. Ashkenazi, A. APO-3 Receptor. US patent 6,462,176 Bl (Oct 8, 2002). 

11. Ashkenazi, A. APO-2LI and APO-3 polypeptide antibodies. US patent 6,469,144 Bl 
(Oct 22, 2002), 

12. Ashkenazi, A., Chamow, S. and Kogan, T. Carbohydrate-directed crosslinking 
reagents. US patent 6,582,928B 1 (Jun 24, 2003). 



14 





PATENT 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



In re Application of: Ashkenazi et al. 



Group Art Unit: 1647 



Serial No.: 09/903,925 



Examiner: Fozia Hamid 



For: SECRETED AND 



Filed: July 11,2001 



TRANSMEMBRANE 
POLYPEPTIDES AND NUCLEIC 
ACIDS 




DECLARATION OF AUDREY D. GODDARD. Ph.D UNDER 37 CF.R. 3 1.132 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

1, Audrey D. Goddard, PbJD. do hereby declare and say as follows: 

1 . I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1 993 and 200 1 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3 . My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A). 
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Serial No.: * 
Filed: * 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PCR assay is described, for example, in the following scientific 
publications: Higuchi et al., Biotechnology 10:413-417 (1992) (Exhibit B); Livak et ai, PCR 
Methods AroL 4:357-362 (1995) (Exhibit C) and Heid et al, Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result, 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al, Proc, 
Natl. Acad. Sci. USA . 95(25):14717-14722 (1998) (Exhibit E); Pitti et al, Nature 
396(67 12);699-703 (1998) (Exhibit F) andBieche era/., Int. J. Cancer 78:661-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 



-2- 



Serial No.: * 
Filed: * 



7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control. It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (i.e., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown * 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer, for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. i declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 100 1 of Title 1 8 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date 



Audrey D. Goddard, Ph.D. 






AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 
1 DNA Way 

South San Francisco, CA, 94080 

650.225.6429 

goddarda@gene.com 



110 Congo St. 

San Francisco, CA, 94131 

415.841.9154 

415.819.2247 (mobile) 

agoddard@pacbelI.net 



PROFESSIONAL EXPERIENCE 



Genentech, Inc. 



19 93 -present 



South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncology, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 1 1 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 



1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993 - 1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database design 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification. 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with Idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89-12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocyte leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83 - 8/83: NSERC Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6J and DBA mice 



EDUCATION 

Ph - D - „ A r University of Toronto 

"Phenotypic and genotypic effects of mutations in Toront0f Ontario, Canada. 1 989 

the human retinoblastoma gene." Department of Medical 

Supervisor: Dr. R. A. Phillips Biophysics. 

Honours B.Sc McMaster University, 

"The in vitro metabolism of the cytochrome P-448 Hamilton, Ontario, Canada. 1983 

inducer p-naphthbflavone in C57BL/6J mice." Department of Biochemistry 
Supervisor: Dr. G. D. Sweeney 
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ACADEMIC AWARDS 



Imperial Cancer Research Fund Postdoctoral Fellowship 

Medical Research Council Studentship 

NSERC Undergraduate Summer Research Award 

Society of Chemical Industry Merit Award (Hons. Biochem.) 

Dr. Harry Lyman Hooker Scholarship 

J.L.W. Gill Scholarship 

Business and Professional Women's Club Scholarship 
Wyerhauser Foundation Scholarship 



1989-1992 
1983-1988 
1983 



1983 



1981-1983 
1981-1982 
1980-1981 
1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes. Functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology I. Marco Island, FL, USA. February 
2000 

Quality control in DNA Sequencing: The use of Phred and Phrap. Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
. Sequencing and Analysis Conference, Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA. October, 1996 

Growth hormone (GH) receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 



Goddard A, Godowski PJ, Gurney AL. NL2 Tie ligand homologue polypeptide. Patent 
Number: 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski PJ and Gurney AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number: 6.426,218. Date of Patent: July 30, 2002. 

Godowski P, Gurney A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number: 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gurney AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gurney AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number: 6,387,657. Date of Patent: May 14, 2002. 

Goddard A, Godowski PJ and Gurney AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gurney AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350.450. Date of Patent: Feb. 26, 2002. 

Fong S, Ferrara N, Goddard A. Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand homologues. Patent Number: 6,348,351. Date of Patent: 
Feb. 19.2002. 

Goddard A, Godowski PJ and Gurney AL. Ligand homologues. Patent Number: 6,348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carisson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome. Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carisson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,824,642. Date of Patent: October 20, 1998 

Attie K, Carisson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number: 5,646,1 13. Date of Patent: July 8, 1997 



Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SD. Human 
IGF-1 receptor mutations resulting in pre- and post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL f Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S., Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. Biochemical Journal 360: 1 35-142. 

Lee J. Ho WH. Maruoka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17RM. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H. Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL. (2000) Interieukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. Natl. Acad. ScL USA 97: 
8950-8954. 

Guo S, Yamaguchi Y, Schilbach S, Wada t.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527: 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S, Brush J, Teraoka H, Goddard A, Wilson SW, Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1999) Characterization of the human suppressor of 
fused; a negative regulator of the zinc-finger transcription factor Gli. J. Cell Sci. 112: 4437- 
4448. 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A, Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A.L. (1999) FGF-19, a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan M, Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspase 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood.WI, Baker KP, Godowski PJ and 
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We liave enhanced the polymerase chain 
reaction (PGR) such that specific DNA 
sequences can be detected without open- 
ing the reaction tube. This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a FCR. Since the fluorescence of 
EtBr increases in the presence of double* 
stranded (d*) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification, which can be easily moni- 
tored externally. In feet, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PCR 1 to. clin- 
ical diagnostics arc *rtU knowi* 2 0 , it te still not 
widely used ij* this setting, even though it is 
four year* tiuce thcrroOi**U« DMA polymer- 
ase** made PCR practical Some of the reasons fot its slow, 
acceptance are high cost, tack of automation of pre- and 
post-PCR processing steps, and false positive resultsjroin 
carryovcr-contaminatioD, The first two points arc related 
in that labor is the largest contributor to cost it the present 
stage of PCR development* Most current assays requite 
some form of "downstream" processing once thermocy* 
ding k done in order io determine whether the target 
DNA sequence was present and has amplified. Th«*e 
include DNA hybridization** gel eJectropho re *i& with or 
without use of restriction dtflestioir HPLCr, or capfllary 
electrophorcsU 10 . These methods are labor-intense, have, 
low throughput, and are difficult to automate. The third 
point is aLo ctoscry related to downstream processing. 
The handling of the PCR product in these dowrwtrcam 
processes increases the chances that amplified DNA will 
spread through die typing lab, resulting in a .risk of 



"carryover" false positives in subsequent testing . 

These downstream processing steps would be elimi- 
nated if specific amplification and detection of amplified 
DNA took place sunufcancoxwly within an unopened re- 
action vessel Assays m wbkh such different processes take 
place without. the need to separate reaction components 
have been termed \Trcmogeneou5"\ No truly homoge- 
neous PCR assay has been demonstrated to date, although 
progress towards this end has been reported. Chehab r et 
aL 1 ^, developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product Allclc-specific primers, each vath different fluo- 
rescent tags, were used to indicate the genotype of .the 
DNA. However, the OTiinwrporaied primers rnust still be 
removed in a downstream process in order to visualize the 
result Recently, Holland, et al. 15 , developed assayin 
w'hicli the endogenous 5' <;xdnudease assay of T*f DNA 
pOtytnerase was exploited to cleave a tobetedoJjgonudeo- 
lide probe. Hie probe would only dcave if PCR aropSti- 
cation had produced its complementary sequence. In 
oider to detect the cJeavage products, however, a subse- 
quent process w again needed. t _ 

We have developed a truly homogeneoiM assay for PGR 
and PCR product detection based upon the gready in- 
creased fluorescence that ethidiuHi btoirude and other 
DNA binding dyes exhibit when they are bound .tojis- 
DNA* 4 - 1 *. As wdmcd in Figure f, a prototypic PCR 
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PCR product The componrau cf a Pv.R coatainxn^ Et3r that are 
Ouoresqent are hsicd— EtBr itseJf, EtBr bound toother s&HA or 
dsDNA. There h a large fluorescence enhancement when EtBr Is 
bound to DNA and hnwlmg is greatly enhanced when DNA .is 
doublc-strandccL After suwdent <n) . cycles of PGR, the .net 
increase in d^DNA resuks in additional EtBr blading, and a net 
iDcrcasc in total Rucansccna^ 
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MOV % Gel electrophoresis of PCR a«j plification prodifcts of the 
human, mtdcar gene, HLA DQ&, made In the presence of 
increasing amounts of EtBr (up to 8 p-g/tnl). The presence of 
EtBr lias no obvious effect on the yield or specificity of amplifi- 
cation. 





ROOTS 9 (A) Fluorescence measurement* from FCRs that contain 
0.5 pgfrn] EtBr and that are specific for Y*chrot»o$0jboc repeat 
sequence*. Five replicate PCRi *ere begun containing each of the 
DNA* specified. At *ach indicated eyefc, one of the five replicate 
PCRs for each DMA -was fcjbotoJ from thcrmocydzng and H$ 
fluorescence measured. Units of fluorescence are arbitrary. (B) 
UV photography of PGR tubes (0.5 ml Eppcndor£*tylc, jxrtypro- 
pykne mkro<eritiifugc *ubcs) containing reactions, those *&xt> 
ing from Z ng male DNA And control reactions without any DMA, 
from (A). 



begins with primers that are smgle-straodcd DNA (ss- 
DNA), dNTPs, and DNA polymerase; An amount of 
dsDNA containing the target sequence (target DNA) is 
also typically present. This amount can vary, depending 
on the application, from single-cell amount* of DNA IT to 
micrograms per KIR", If EtBr is present, the reagents 
that will fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the singk-fiuranded 
DNA primers and to the doublc^stranded target DNA (by 
its intercalation between the stacked bases of the DNA 
doub^hefe). After the first denatu ration cyde, target 
DNA will be largely single-stranded. After a PGR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several oiicrpgrams. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase m fluores- 
cence* There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to ssDNA 
is much less than to dsDNA, the effect of th» change on 
the total fluorescence of the sample is small The fluores- 
cence increase can be measured by directing excitation 
illumination through the walls of the amplification vessel 



before and after, or even continuously during, thermocy- 
ding. 

RESULTS 

PCR in the presence of EtBr. In order to assess the 
affect of EtBr in PGR, amplifications of the human HlJ{ 
DQa gene >9 were performed with the dye present at 
concentrations from 0,06 to 8,0 iigfml (a typical concen- 
tration of EtBr used in staining of nuckk acids following 
get electrophoresis is &5 H-g^mf), As shown in Figure 
electrophoresis revealed little or no difference in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concentrations, indicat- 
ing that EtBr does not tnhibit PCR, 

Defection* of human Y-dbromcwnHs specific w 
Sequence^pecific, fluorescence enhanoement of 
EtBr as a result of PGR was demonstrated hi a scries of 
amplifications containing 0,5 ^gfml EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc^- These PCRs initially contained either 
60 ng male, 60 ng female, 2 ng male human or no DNA. 
Five replicate PCRs were begun for each DNA* After 0, 
17, 21, 24 and 29 cycles of therruocyding, a FOR for cacti 
DNA was removed from the thermocyder, and its fluo- 
rescence measured in a spectroflnorometer and plotted 
vs. amplification cyde number (Ffa 3 A). The shape of this 
curve reflects the fact that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cycle number; 
As shown, the fluorescence increased about three-fold 
over the background fluorescence for the PCRs contain* 
ing human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis oo the products of these 
amplifications showed that DNA fragments of the ex- 
pected sue were made in the male DNA containing 
reactions and that little DN A synthesis took place in the 
control samples. 

In addition, the increase in fluorescence was visualized 
by simply laying the completed, unopened PCRs ooaUV 
trarisilhiminatOT and photographing them through a red: 
filter. This is shown in figure SB for the reactions thai 
began with 2 ng male DNA and those with no DNA. 

Detection of specific aDeJe* of the human $-globin 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetk screening, a detection 
of the sictJe-ceil anemia mutation was performed. FSgUre 
4 shows the fluorescence from completed amplification* 

containing EtBr (O.S ng/ml) as <s>teet£d by photography 
of the reaction tubes on a UV cransiUaminator. These 
reactions were performed using primers specific for ei* 
ther the. wild-type or sickle-ceil mutation of the .human 
p-globin gene* \ The specificity for each allele is imparted 
by placing the sickle-mutation site at the terminal V 
nucleotide of one primer. By using an appropriate primer 
annealing temperature, primer extension— and thus an> 
pU6catk>n--can take place only if the 3' nucleotide of tte 
primer is complementary to the 0-gJobin allele proper* 

Each pair of iamplmcauons shown in Figure 4 consists of 
a reaction with either the wild-type allele tpedfic (left 
tube) or skklc-aUefe specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wild-type £~globin individual (AA); from a heterozygous 
sickle p-gk>bin individual (AS); and from a homozygous 
sicide p-globb individual (SS). Each DNA (50 ng genonnc 
DNA to start each PGR) was analyzed m triplicate (3 pairs 
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0 f reactions each). The DNA type w*s reflected in the ' 
Lja^vd fluorescence intensities in each pair of completed 
^plific^iiom. There was a significant increase in fluorea- 
luce only where a ^globin allele DNA matched the 
«rifl>cr set. Whco measured on a spcctroflporotnctcr 
M»ta not shown), this fluorescence was about three times 
Jj*t present in a FCR where both 0-globin alkies were 
rtiisitiatched to the primer sec Get electrophoresis (not 
pjwjwn) established that this increase in fluorescence was 
due to the synthesis of nearly a microgram of a DNA 
fragment of the expected shut for £-globin. There was 
fitclc synthesfe of dsDNA b reactions in which the aiiek- 
jpecinc primer was mismatched to both alleles. 

Contimiow monitoring of a PCR* Using a fiber optic 
devkerit i* possible to direct excitation illumination from 
j, spoctrofluorometer to a PCR undergoing thenrtocydiug 
and to rctirrn its fluorescence to the Kpectroftuorometcr. 
The fluorescence readout of such an arrangement, di- 
rected Rt an EtBr-concaining amplification of Y-chromo- 
tome spcci6c sequences from 25 ng of Wman male DNA, 
j* shown in Figure 5. The readout from a control f*CR 
vjUi no target DNA is also shown. Thirty cycles of PCR 
^erc monitored for each. 

The ftuorcsccncc trace as a function of time dearly 
shows the effect of the themocyding. Fluorescence intcn- 
^ty rises and Calls mvcrsciy with temperature The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (94°C) and maximum at the anneaUn^extenaion 
temperature (SOX). In the negalive-conxrol PCR, these 
fluorescence maxima and minim? do not change $igni6- 
«mtf y over the thirty tberraocyde^ indicating that there is 
little dsDNA synthesis without the appropriate target 
DNA, and there b little if any Weaehing of EtBr during 
the continuous illumination Of the sample* 

In the PCR containing male DNA, the fluorescence 
maxima at the annealing/extension temperature begin to 
tncreane at about 4000 seconds" of theroiocyding, and 
continue to increase with time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturatioQ temperature do not 
significantly increase* presumably because at this temper- 
ature there is no d&DNA for EtBr to bind- Thus the course 
of the amplification is followed by tracking the fluorcs-. 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample* 

DISCUSSION 

Downstream processes such as rrybridixation to a se- 
queojce-Apecific probe can enhance the specificity of DNA 
dcceuuvn bv PCR. The cHmiontion of thcac processes 
means that' the specificity of this homogeneous assay 
depends solely on ihat of PCfL In the case of skkle-celi 
disease, wc have shown that PGR alone has sufficient DNA 
sequence specificity to permit genetic screening. Using 
appropriate amplification conditions, there is little non- 
specific production of dsDNA in the absence of the 
appropriate target allele. 

The spedficky required to detect pathogens can be 
more or less than mat required to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with die 
sample. A difficult target is HIV, which TcquiTcs detection 
of a viraJ genome that can be at the level of a few copies 
per thotwands of host ceils*. Compared with genetic 
screening, which is performed on cells containing at least 
one copy of tl*e target sequence* HIV Idetecdon requires 
both more specifidty and the input of mote total 
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using EtBr mat are specific to wild-type (A) or stem ($} alkies of 
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primers to the sickle aflete- The photograph was taken after SG 
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was dodc in tripticatc (3 pair* of FCto) for each input DNA: 
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ftGUtt 5 Continuous, realtime momtormg of a PCR. A fiber optic 
was o*ed to carry exotatkm light to a *UR to progress and ak> 
emitted Ught back to a fluoromctcr (sec Exoenmcntal f^vajQ 
An^caSoa^ogfctunan audo-DNA specific pnmcn in a PCR 
Sttrtin£ with 20 ng of human male 1>NA {top), or in * control 
PCRwthout DNA (bottom), were roonhorcd. Thuty cydes of 
PCR were followed for each. The temperature Cycled b^ween 
94«C (denaturation) and 50*C (annealing and extension). Note m 
the male DNA PCR* the cycle (time) depeoxJcot mercasc in 
fluorescence at the aimeaHftg/extension temperature, 
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DNA— up to microgram amounts—in order to have suf- 
ficient numbers of target sequences. This large amount of 
starting DNA in an amplication sigmtkantly increases 
the background fluorescence over which any additional 
fluorescence produced by PCR must be detected. An 
additional complication that occurs with targets in low 
copy-number is the formation of the ^rimer-dimer" 
artifact This is the result of the extension of one primer 
using the other primer as a template. Although this occurs 
infrequently, once it occur* the extension product is a 
substrate for PCR amplification, and can compete with 
true PCR targets if those targets are rare. The primfer- 
dimcr product is of course dsDNA and thus is 2 potential 
source of false signal In this homogeneous assay. 

To increase PCR specificity and reduce the effect of 
prirner-dimcT arr^UftcadoDu we are investigating a num- 
ber of approaches, including the use of nested-primer 
ampltftea&ons that take place in a single tube 9 , and the 
•"hot-start**, in which nonspecific amplification is reduced 
by raising the temperature of the reaction before DNA 
synthesis begins 85 . Prefeinary resuhs using these ap- 
proaches suggest tbatpruncTHJuuer is effectively reduced 
and it is possible to detect the increase in Etfir fluores- 
cence in a PCR instigated by a single HIV genome In a 
background of IB 5 ceils. With larger numbers of ccfls, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To reduce this background, it may 
be possible to use sequence-specinc DNA-binding dyes 
that can be made to preferentially bind PCR product over 
genomk DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to . 
the oligonucleotide primer* 1 . 

We have shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PCR is completed and continuously during 
thermocyefing. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The fluorescence analysis 
of completed PCRs is alrcadyjfxwstbte with existing instru- 
mentation in 96-well format**. In this format, the fluores- 
cence in each PCR can be quantitated before, after, and 
even at selected points durmg therraocyciing fay moving 
the rack of PCRs to a 96-microwc» plate fluorescence 

reader 3 * ... 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoprics transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target DNA copy number. Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected* Prefinii- 
nary experiments <Higuchi and Dollinger, manuscript in 
preparation) with continuous monitoring have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules b 
Vnown— *s it can be in genetic sereening-^continuous 
monitoring may provide a means pf detecting false posi- 
tive and false negative result* With a known number of 
target rnolecules, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR- 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
results due to, for example, inhibition of DNA polymer- 
ase, may be detected by including within each PCR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of Cy- 
I cles — many more than arc necessary to detect a true 
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positive. If a sample fails to have a fluorescence increase 
after this many cycles, iohfciuon may be suspected. Since, 
b this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls rnay 
be important. In any event before any test based on this 
principle is ready for the dirricy an assessment of its false 
positive/false negative rates wOl need to be obtained using 
a large number of known samples. 

In summary , the inclusion m PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube* In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
sample*. 

EXPERIMENTAL PROTOCOL 

Hunan HLA-DQa gene ^HBcadoaa wmtoinwp f*8i. 
PCRs were set up inTOO yX voforaes containing 10 mM Trb-HQ, 
pH 8.3; 50 mM KCI; 4 roM MgO*: S-5 units of Taa DNA 
polymerase (FterVii^Elmcr Ccms, Norwalk, CT); 20 piriolc each 
of human HlA-DQ* ' S cnc specific oligonucleotide primers 
<iH55 and GH27 1 * and approximately 10* copies of DQ* PCR 
product diluted from a previous reaction. EducKum bromide 
(ElBr; SigttiA} was used at the COTceatrauons indicated id Figure 
t Thcrmocyding proceeded for 20 cvcles in a model 430 
UicrRMKydcr (Perkjn-Elmer Norwalk, CT) uHngaJctcp- 
cydc" program of 94*C for 2 min- denature tion and 60v» For s0 
sec. annealing and *J¥C for 30 sec extension. 

Y-cAranwcratc specific PCR* PCRs (100 ul total rcaaion 
volume) containing <U> JEtBr were prepared as described 

for HLA-DQo, except wi3* different primer* and target DNAs. 
These PCRs contained 1 5 proolc each male DNA-ipcctfie primes 
YI.J and Vl.2*°, arid cither 60 ng male, GO ng female, 2 ng mak, 
or no human DNA. ThermOcycIttig was W*CTor 1 min, and 60?C 
for J min using a "rtcp-tyele* program. The number of cycles for 
a sample were as mdWed in Figure 3. Fluorescence measure- 
ment h described below. ^ , 

AUck-apccuic. human £-gtoWn gco* PGR. AmpUncaiions of 
100 fU volume asuiR 05 jig/ml of StBr were prepared as 
described for HLA^DQa above except with differed prinxrs and 
target DNAs. These PCRs contained either primer pair HOPS' 
Hp HA <w9d-we globin specific primers) or HGF2/H£14$ 
Ic-giobin specific primers) at 10 pmole e^h pnmcr per PCR, 
Tnese prhttcrs were developed by Wu ct at 21 . Three different 
target DNA* were used b separate amplificauOna-^50 tig eaeh of 
human DNA that was homozygous for the sicMc trait (SS) t DNA 
that was heterozygous for the sickle trait <A$X or DNA that was 
homozygous for the W.t- globin £AA). ThcrnwcycBng was for30 
cycles at 94X: for 1 mm. and 55*Cfor 1 min. itfii»|0 "step-cyck 
program. An stnnesuwg teropcrarurc o{$$°Ch*<\ hcen shown try 
Wu et ai* 1 to provide allcie^pcrinc awpliftcatton. Wgw 
PCRs were prKrtDgraphed through a red ftitcr <Wra«av23A) 
after placing the reaction lubes aujp a model TM-S6 tran«Humi- 
nator (UV-products San- Gabriel, CAK k 

nuoteseeneemeasnnmem. HnO««oe»ce nioisurcraenw wet* 
ixud> on PCRs containing Et»r in a Fluorolog-2 nUororoCter 
«PEX, Edison» NJ). Excitation was at the 500 nra banU ^ 
xham 2 ntn bandwidth with a.OG 435 nm eut^ff^utrJMc»es 
Crista Inc. Irvine. CA) to exclude secemd-order light. Exwtteo 
light was detected at 570 n m with a bandwidth of about 7 nm. W 
OG 530 »m cut-off jfiltcr Was used to remove the excitation hgnt 

ContitKiouA ftoorefieence monitoring of PGR. Connnoous 
monitoring of a PCR in prOfirew was accomplished munf & C 
Bpectronuoromfrtcr and setdngs descrtbod above as weM ^asa 
fiberoptic accessory (SPJEX cat no. 1950) to both send excttauou 
fteht to, and receive emitted light from, a PCR placed m a well <fl 
a model 480 thernwydcr (Pcrkb-Elmer Cetu*). The probe end 
of the fiberoptic cable was attached with "5 nw irtc-cpoxy tot^ 
open top of a PCR tube (a 0,5 ml wAy\>ropyiaai centnftfgc tuoe 
with hscap removed) efteawely ficauog L The ^posedW jj} 
the PCR tube and the end of the fiberoptic caWc were 5™"*?°° 
from room light and the room light* were kept duruned durmg 
each rup- The monitored PCR was an amplification of r~cbro- 
mosomc-spedne repeat secjwences as escribed above, except 
usinff an anncah'ngfactension temperauirc of 50°C Thcreacucra 
was covered wrth 9 inin«raJ oil (2 drope) to prevent evaporatton. 
Thcrroocycuny and fluorescence rocasuremcnt verc started si- 
multaneously, A tiine-basc scan with a 10 second mtegranoo tunc 
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«sm used and the «fl)ls*2ott signal was latioed to the excitation 
.ligrtfll u> control foe chat)#» in light-source intensity. Dat* were 
Reeled using the dra3O0Of, version 2,5 (SPEX) daia system. 

We ihAnJc Bob Jones for help with the sjp«ctiofluormctric 
pc^itf rcincnU and Hcatherbdf Fong for cdmng this manuscript. 
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sCD-14 EUSA 

Trauma, Shock and Sepsis 




The CO-14 molecule is' expressed on the surface of 
monocytes and some macrophages. Membrane- 
bound CD -14 is a receptor for l ipopoty saccharide 
(LPS) complexed to LPS-Binding-Protein (LBP). The 
concentration of te soluble form is altered under 
certain pathological conditions. There is evidence for 
an Important rtrte of $CD-14.with polytrauma, sepsis, 
burnings and inflammations. 
During septic conditions and acute infections it seems 
to be a prognostic marker and is therefore of value Jn 
monitoring these patients. 



IBL offers an EUSA for quantitative determination of 

soluble CD-14 in human serum, -pfasma, cell-culture 

supernatant and other biological fluids. 

Assay features: 12x8 determinations 
(micro8ter strips), 
precoated with a specific 
monoctonal antibody, 
2x1 hour incubation, 
standard range: 3-95 og/mi 
detection limit 1 ng/ml 
CV: intra- and interassay < 8% 



For more information call or fax. 
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IfflON AND DETKTI0H 

SEQUENCES 



We have enhanced the polymerase chain 
reaction (PGR) such that specific I>NA 
sequences can be detected without open- 
ing the reaction tube* This enhancement 
requires the addition of ethidium bromide 
(EtBr) to a PCR. Since the fluorescence of 
EtBr increases in the presence of double- 
stranded (ds) DNA an increase in fluores- 
cence in such a PGR indicates a positive 
amplification,; which can be easily moni- 
tored externally- In feet, amplification can 
be continuously monitored in order to 
follow its progress. The ability to simulta- 
neously amplify specific DNA sequences 
and detect the product of the amplification 
both simplifies and improves PCR and 
may facilitate its automation and more 
widespread use in the clinic or in other 
situations requiring high sample through- 
put 

Although the potential benefits of PCR 1 to ■ clin- 
ical c&gnosrics arc wett known 2 -*, it is sull not 
widely used ii* this setting, even though it w 
four year* txuca thcrn*o*t*bte DNA pOT" 1 **"* 
ase** made PCR practical Some of the reasons for its slow 
acceptance are high cost, tack of automation of pre*and 
post-PCR processing steps, and false positive results Jrorn 
carryovcT-contamination. The first two points we related 
in that labor is the largest contributor to cost sit the present 
stage of PCR development. Most current assays require 
some form of "downstream" processing once thermocy- 
ding ts done in order *o determine whether the tor%ct 
DNA sequence was present and has amplified. These 
include DNA hybridization** gel ek^pbores* with or 
without use of restriction digestion 7 ** HPLC 9 , or caprilary 
eleorophorcsis 10 . These methods are )abor4ntensc T have, 
low throughput, and are difficult to automate. The third 
point is abo ckusdy related to downstream processing. 
The handling of the PCR product in these downstream 
processes increases the chances that amplified DNA will 
spread through die typing lab, resulting b a risk of 



carryover" false positives in subsequent testing , 
These downstream processing steps would be ehnn- 
nated if specific amplification and detection of amplified 
DMA took place simultaneously within an unopened re- 
action vesseL Assays in which such different processes take 
place without, the need to separate reaction components 
iavc been termed ^.homogeneous" 1 . No truly homogc-. 
tieous PGR assay has been demonstrated to date, akhougn 
progress towards this end has been reported, Chehab, et 
al l * developed a PCR product detection scheme using 
fluorescent primers that resulted in a fluorescent PCR 
product AUcfc-speeific primers, each with different fluo- 
rescent tags, were used to indicate the genotype of the 
DNA. However, the unincorporated primers must still oe 
removed in a downstream process in order to vtsuahzc the 
result Recently, Holland, et al. is , developed aaassayitt 
whfch the endogenous 5 r exonudease assay of To? DNA 
potytnerase was exploited to cleave a febelcd^gonucko- 
lide probe. The probe would only ckave if PCR axnpfc£ 
cation had produced its complementary sequence. In 
oider to detect the cleavage products, however, a subse- 
quent process is again needed. 

We have developed a truly homogeneous assay for PGR 
and PGR product detection based upon tbc gready in- 
creased fluorescence that ethidium bronude and oUser 
DNA binding dyes exhibit when they are bound tojfc- 
DNA 14 ^ 9 . As outuncd in Figure 1 F a prototypic PGR 
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m«KK 1 Principle of simuhancous amplification and detection Of 
PCR product The component* of a ?CRcot»ainh$ , EiBr dial *x* 
fluorescent are listed— EtBr itself, EtBr bound to other ssDNA or 
daDN A. There is a large fluorescence enhancement when EtBr is 
bound to PNA and bmdmgia greatly enhanced when DNA .is 
dcniblc-srrandcd. After su&dent (n).cfdcs of PGR. the.net 
increase m d<$)NA residts in additional EtBr bintfing, and a net 
increase in total fluoaresccnax 
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• expected 
product 



rWW 2 Gel electrophoresis of PCR amplification products of (he 
human, nuclear gene, HLA DQtx, made in the pretence of 
incretskg amounts of EtBr (up to S H-g/tnl). The presence of 
£t3r Ims no obvious effect on lac yield or jpcdfkky of amplifi- 
cidoa. 



A. 





nGOXE % (A) Fluorescence measurement* -from PCRs that contain 
0.5 jig/ml EtBr and that are specific for Y-chrotftOSOnoe repeat 
sequence*. Five replicate PGRs *?ere begun containing each of the 
DNA* specified. At each mdicztcd cycle, one of the five replicate 
PCRs for each DNA -Was rcraoved from thcrmocyding and Hs 
fluorescence measured, Unit* of fluorescence art arbitrary. (E) 
UV photography of PGR tube* (0.5 ml Eppcndbrf^tylc, jXHyprO- 
pykne microcentrifuge iubes) containing reactions, those start, 
rag from Z ng male DNA And control reactions without any DMA, 
from (A). 
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begins with primers that are fungle-straoded DNA (ss- 
DNA), dNTTs, and DNA polymerase; An amount of 
dsDNA containing the target sequence (target DMA) is 
also typically present This amount can vary, depending 
on the application, from single-cell amount* of DNA 17 to 
micrograms per PCR- 8 , If EtBr is present, the reagents 
that wiU fluoresce, in order of increasing fluorescence, are 
free EtBr itself, and EtBr bound to the singk-Gtrandcd 
DNA primer* ami to the doublc^tranded target DNA (by 
its intercalation between the stacked ba$c$ of the DNA 
doubk^hchx). After the first denatu ration cyde, target 
DNA will be largely single-stranded. After a PGR is 
completed, the most significant change is the increase in 
the amount of dsDNA (the PGR product itself) of up to 
several oiscrogranis. Formerly free EtBr is bound to the 
additional dsDNA, resulting in an increase in fluores- 
cence. There is also some decrease in the amount of 
ssDNA primer, but because the binding of EtBr to s&DNA 
is much less than to dsDNA, the effect of this change on 
the total fluorescence of the sample is smalL The fluores- 
cence increase can be measured by directing excitation 
iUumtrtaiion through the walls of the amplication vessel 
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before and after, or even continuously during, thermocy. 
ding. 

RESULTS 

PGR in the presence of EtBr. In order to' assess the 
affect of EtBr io FOR, amplifications of the human Hl^\ 
DQo. gene 19 were performed with the dye present at 
concentrations from 0.06 to 8.0 u-gfrnl (a typical concen- 
tration of EtBr used in staining of nucleic acids following 
get electrophoresis is 0.5 u.g/iuf). As shown in Figure 2, gel 
eteetrophorcsis revealed little or no difference in the yield 
or quality of the amplification product whether EtBr was 
absent or present at any of these concei t axa tions, indicat- 
ing that EtBr does not mhibit PGR, 

Be lee lion of human Y-cfcroatoscMiHs specific 9*. 
qoences- Sequence-specific, fluorescence enhancement of 
EtBr as a result of PGR was demonstrated! in a series of 
amplifications containing 0.5 u.gfrnl EtBr and primers 
specific to repeat DNA sequences found on the human 
Y-chromosomc^. These PCRs initially contained either 
60 ng male, 60 ng female, 2 ng male human or no DNA. 
Five replicate PCRs were begun for each DNA* After 0, 
IV, 21 , 24 and 29 cycles of thenuocyding, a PGR for each 
DNA was removed from the thermocyder, and its. fluo- 
rescence measured in a spectrofluoro meter and plotted 
V5. amplification cyde number (Fig. 3 A). The shape of this 
curve reflects the feet that by the time an increase in 
fluorescence can be detected, the increase in DNA is 
becoming linear and not exponential with cyde number. 
As shown, the fluor^ccncc increased about three-fold 
over the background fluorescence for the PCRs contain* 
iog human male DNA, but did not significantly increase 
for negative control PCRs, which contained either no 
DNA or human female DNA. The more male DNA 
present to begin with— 60 ng versus 2 ng— the fewer 
cycles were needed to give a detectable increase in fluo- 
rescence. Gel electrophoresis 00 the products of these 
amplifications showed that DNA fragments of the ex- 
pected $&c were made in the male DNA containing 
reactions and that little DNA synthesis toot place in the 
control samples. 

In addition, the increase in. fluorescence was visualized 
by simply laying the completed, unopened PCRs on a UV 
traridlhiminator and photographing them through a red 
Alter. This is shown in figure SB tor the reactions thai 
began whh 5 ng male DNA and those with no DNA* 

Detection of specific allele* of the human 0-gfcbm 
gene. In order to demonstrate that this approach has 
adequate specificity to allow genetic screening, a ckccciion 
of the $ickIc-odl anemia mutation was performed- Figure 
4 shows the fluorescence from completed ampfifkatioa)* 

containing EtBr (0.5 HgteiT) a$ detected by photography 

of the reaction cubes on a UV cransillammator. These 
reactions were performed using primer* specific for ci- 
ther the. wSd-tvpe or sickle-ceil mutation of the human 
^globin gene* . The specificity for each alklc h imparted 
by placing the sickle-mutation site at the terminal 3' 
nucleotide of one primer. By using an appropriate primer 
annealing temperature* primer extension— and thus an> 
plirjtcattorjt — can take place only if the 3' nucleotide of the 
primer is compEeroqataxy to the 0-globin aBdc present* 3,22 . 

Each pair oT amplmcadons shown in Figure 4 consists of 
a reaction with either the wild-typo allele specific (left 
tube) or sickloaUeJe specific (right tube) primers. Three 
different DNAs were typed: DNA from a homozygous, 
wtid-type £~globin individual (AA); from a heterozygous 
sickle p-gtobin individual (AS); and from a homozygous 
sickle p-giob?o Individual (SS). Each DNA (50 ng genomic 
DNA to start each PGR) was analyzed m triplicate (3 P**" 
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fl f reactions each). The DNA .type vas reflected in the ' 
rtjatrve fluorescence intensuies in each pair of competed 
^npltfiaitiom. There was a significant increase in fluores- 
ce* only where a ^globin allele DNA matched the 
primer act. When measure©* ou a spcctroflncroinctcr 
Mata not shown), this 8uoresccn.ee ^as about three times 
L t present in a PCR where both p-globm alleles were 
Snatched to the primer set. Gel cfcctrophorestt (not 
l 0 wii) established that this increase in fluorescence ws 
due to die synthesis of nearly a microgram of a DNA 
fragment of the expected size for p-globin. There was 
Ktdc synthesis of dsDN A in reactions in which the allele- 
wedfte primer was mismatched to both alleles. 

Continuous nwntortng of a PGR. Using a fiber optic 
devkcr H is possible to direct excitation illumination from 
? spectrofluorometer to a PCR undergoing thcrmocyding 
and to rctirm its fluorescence ro the Rpectrofttioroweten 
The fluorescence readout of such an arrangement, di- 
rected at an EtBr-conCaining amplificadon of Y-chromo- 
wrac specific sequences from 25 r»g of human male DNA* 
k shown in Figure 5. The readout from a control PCR 
vhli no target DNA is also shown. Thirty cycles of PCR 
were monitored for each- 

The fluorescence trace as a function of time dearly 
jjiows the effect of the thermocyding. Fluorescence intcn- 
<dty riser and. foils inversely with temperature The fluo- 
rescence intensity is minimum at the denaturation tem- 
perature (<M°C) and maximum at the anneaUn ^extension 
temperature (50°C). In the negative-control PCR, these 
fluorescence maxima and aiinima do not change signifi- 
cantly over the thirty thexroocydes, indicating that there is 
little dsDNA irynthesis without the appropriate target 
DNA, and there is little if any bleaching of EtBr during 
the continuous ilHimination of the sample. 

In the PCR containing male DNA, the flucresccncc 
maxima at the annealing/extension temperature begin to 
increase al about 4000 seconds of thenncKyding, and 
continue to increase whh time, indicating that dsDNA is 
being produced at a detectable level. Note that the fluo- 
rescence minima at the denaturaubu temperature do not 
aiirnificandy increase, prepUroaMy because at this temper- 
ature there is no dsDNA for EtBr to bind. Tiros the course 
of the amplification is followed by tracking the fluores^ 
cence increase at the annealing temperature. Analysis of 
the products of these two amplifications by gel electropho- 
resis showed a DNA fragment of the expected size for the 
male DNA containing sample and no detectable DNA 
synthesis for the control sample. 

DISCUSSION 

Downstream processes such as hybridization to a se- 
quence-Apednc probe can enhance die specifidty of DNA 
deceiAivu by FCR. The cHmirwrtion of ihcac processes, 
means that* the spedndty of this homogeneous assay 
depends solely on that of PCR. In the case of skkle-celi 
disease, we have shown that PCR alone has sufficient DNA 
sequence specificity to permit genetic screening. Using 
appropriate amplification conditions, there is fitdc ncm* 
spcdRc production of dsDNA in the absence of the 
appropriate target allele. 

rfce specificity required to detect pathogens can be 
more or less than that required' to do genetic screening, 
depending on the number of pathogens in the sample and 
the amount of other DNA that must be taken with the 
sample. A difficult target is HIV, which Tcquira detection 
of a viraJ genome that can be at the level of a few copies 
per thousands of host cells*. Compared with generic 
screening, which is performed on cdfe containing at least 
one copy of die target sequence, HtV Idetecdon requires 
both more specificity and the input of more total 
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UV photography of FCR tubes containing amplffic«ioju; 
using EtBr that ar*%pccffic to vild*type (A) or siefck (S> audciof 
the human ^ndobin gene. The lefit oi each of tubes contains 
*Hek**pcdnc primer* to the wild-type afieles, the right tube 
primers to the skW* atWe- The photewaph taken after 50 
cycles of PGR, and the input DNAs and the alkaes ihcv contain 
are indicated. Fifty ag of DNA was used to bean PGR Typing 
was done in tripticatc (3 pair* of PCRs) for each input DNA 
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ROTOES Contittaou*, real-time monitoring of arX^CA^beroptk 
was used to cany excitation light tn a *UR m F^^a^akp 
emitted light back to a fluoromctcr (see experimental ^oooT). 
Amptificadoa U3iog human male-DNA spcd& onmcri maPg 
--^ **-»*« t\n a /Mftv or jii x control 



Starting with SO ng of human male DNA {tc^J, or jn 
PCR without DNA (bounm), were nwmtorrd, Thw cydo of 
FCR were followed for each. The temperature Cycled fc^we«i 
9tfC (denaturation) And 60*C (annealing and cxtensitm}. Note m 
the male DNA PCR,. the cyde (tune) depei^cot moeasc in 
fluorescence at the aonean^extensum temperature, 
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DNA— up to niicrograra amounts— in order to have suf- 
6cicnt number* of target sequences. This large amount of 
starling DNA hi an amplification signitontly increases 
the background fluorescence over which any additional 
fluorescence produced by PCR must he detected. An 
additional complication that occurs with targets in tow 
copy-number is the formation of the "primer-dimer" 
artifact This is the result of the extension of one primer 
using the other primer ?s a template. Although this occurs 
infrequently, once it occun the extension product is a 
substrate for PGR amplification, and can compete wkh 
true PCR targets if those targets are rare, The primer- 
dimcr product is of course dsDNA and thus is a potential 
source of false signal in this homogeneous assay. 

To increase FCR specificity and reduce the effect of 
prirner-dimcr amplification, we are investigating a num- 
ber of approaches, including the use of nested-primer 
amplifications that take place in a. single tube*, and the 
"hot-start**, in which nonspecific ampUfkarion i& reduced 
by raising the temperature of the reaction before DNA 
synthesis begins**. Preliminary resuhs using these ap- 
proaches suggest that primcrnltrojCT is effectively reduced 
and it is possible to detect the increase in Etfir fluores- 
cence in a PCR instigated by a single HIV genome in a 
background of 10* celts. With larger numbers of ccfls, the 
background fluorescence contributed by genomic DNA 
becomes problematic. To. reduce this background, it may 
be possible to use se<ruence«speci fic DNA-binding dyes 
that can be made toprcfcrenUaJly bind PCR product over 
genomic DNA by incorporating the dye-binding DNA 
sequence into the PCR product through a 5' "add-on" to . 
the oligonucleotide primer* 1 . 

We have shown that the detection of fluorescence 
generated by an EtBr-containing PCR is straightforward, 
both once PCR is completed and continuously during 
Uiermocyding. The ease with which automation of spe- 
cific DNA detection can be accomplished is the most 
promising aspect of this assay. The Huorescence analysis 
of completed PCRs is alrcadypossiblc with existing instru- 
mentation in 96-weil format*^. In this format, the fluores- 
cence in each PCR can be cniantitated before, after, and 
even at selected points during uberrnocyciittg by moving 
the rack of PCRs to a QoVnuerowcll plate fluorescence 
reader 40 . , 

The instrumentation necessary to continuously monitor 
multiple PCRs simultaneously is also simple in principle. 
A direct extension of the apparatus used here is to have 
multiple fiberoptics transmit the excitation light and flu- 
orescent emissions to and from multiple PCRs. The ability 
to monitor multiple PCRs continuously may allow quan- 
titation of target UNA copy number. Figure 3 shows that 
the larger the amount of starting target DNA, the sooner 
during PCR a fluorescence increase is detected. Prcfiira- 
nary experiments <Higuchi and Dollinger, manuscript in 
preparation) with continuous rnomtorixig have shown a 
sensitivity to two-fold differences in initial target DNA 
concentration. 

Conversely, if the number of target molecules is 
known — as it can be in genetic screening— con tinuoiis 
monitoring may provide a means pf detecting false posi- 
tive and false negative results. With a known number of 
target molecuks, a true positive would exhibit detectable 
fluorescence by a predictable number of cycles of PCR. 
Increases in fluorescence detected before or after that 
cycle would indicate potential artifacts* False negative 
resuhs due to, for example, inhibition of DNA polymer- 
ase, may be detected by induding within each PCR an 
inefficiently amplifying marker. This marker results in a 
fluorescence increase only after a large number of cy- 
cles-— many more* than arc necessary to detect a true 



positive. If a sample fails to hare a fluorescence increase 
after this many cycles, inhibition may be suspected. Since, 
in this assay, conclusions are drawn based on the presence 
or absence of fluorescence signal alone, such controls may 
be important. In any event, Before any test based on this 
principle is ready for the clink, an assessment of its false 
positive/false negative rates wDI need to be obtained using 
a large number of known samples. 

In summary , the inclusion in PCR of dyes whose fluo- 
rescence is enhanced upon binding dsDNA makes it 
possible to detect specific DNA amplification from outside 
the PCR tube. In the future, instruments based upon this 
principle may facilitate the more widespread use of PCR 
in applications that demand the high throughput of 
samples* 

EXPERIMENTAL PROTOCOL 

Hamm HLA-DQct gen* *mpHSoUi<ms containing EtBr, 
PCRs were set up in 100 pX volumes containing 10 mM Tris-HCK 
pH 8.3; 50 mM KCI; 4 mM MgO*: « unit* of Toe DNA 
polymerase (Per1tin*E}mcr Cctua, Norwalk* CT); 20 pmole each 
of human HlA-DQa ' gene spedfic oligonucleotide primers 
(>H26 and CHS7 19 and approjoraately \W copies of DQ& PCfc 
product diluted from a previous inaction. EthkHum bromide 
(El Br; SigtitfO was wed at tbe concentrations indicated in Figure 
2. Thcrnwcyding proceeded for 20 cycles in a model 460 
U^crmocydcr (PerUn-Elmer Ccm*, Norwalk, CT) u«nga ~stco- 
cydc" program of 94*C for 1 rain, denaturation and 6(rC WW 
sec anncalmg and 72*C for 30 sec. extension. 

Y-chnymoffmic specific PC3L PCRs (100 ul total rcacuoo 
volume) contaniing 0^ H£/ml JBtBr were prepared as described 
for HLA-DQOr except vim different primers and target DNAs. 
These PCRs contained 1 * proolc each male ON A^pccihc priuftet* 
YI.I and Vi-2*°, and either 60 ng nralc, €0 ogfermde, 2 ng male, 
or no human DNA. Thermocvding was M*CTof 1 min- and SOX: 
for 1 min using a "rtcp<yde* program. The number of cycles for 
a sample were as mdicated in Jlgufe 3. Fluorescence measure- 
ment » described below. ^ t _ 

Allefc-apccinc, human £-globui PGR. Amplifications of 
100 p4 volume' asing 0-5 MfiAnl of EtBr were prepared »j 
described for HLA^DQa above except with different primers and 
target DNA*. These r^Rs contained either, primer pair HGF*/ 
Hp HA (wBd-type globtn *peaSc primers) or HGmipl4S (sjek- 
ic-globin specific primers) at 10 pmole each primer per FCR. 
These primers were developed by Wu ct aL 21 . Three different 
target DNA* were twed in separate amplifications!— 50 ng each of 
human DNA that was homozygous for the sfcMc Crwit (5S)» DNA 
that was heteroryrous for the sickle trait (ASX or DNA that *ras 
homozygous for Ute'w.t. globin (AA). Thermocycnrig was for 30 
cycles at 54"C for 1 min. and 55*C Cor 1 min. itsuvg si ♦'atcp-cycte 
program. An annealing temperature of 55 q C b*& been shown hy 
VVu et aL* 1 to provide. dldc*pcrioc awplihcauon. voniplcted 
PCRs were phou^aphed through a red filter (WraticrrzSA) 
after placibg the reacDcm tubes aiop a model TM^6 (nmsffiumi- 
nator (UV-proditCtS San Gabriel, CA). 

Fluorescence raeaHuxcnictit. FUwresceuce rocasuierocnt* wcr« 
iriade oh PCRs containing Et»r "m a Fluorolog-2 Utioromctcr 
(SPEX. Edison, NJ). txciCrtion was at the 500 nra band with 
ihour 2 nm bandwidth with a GG 435 nm ^j^^J^ES 
Crist, Inc. Irvine. CA) to exclude second-order light. Emitted 
light was detected at 570 nm with a bandwidth ^of about 7 wn- An 
OG530 pm cut-off filter was used to remove the exotauon hgnt 

ContitHtom ftnoreneesice mon i tor ing of FCR, Cowpnoous 
monitoring of a PCR in progrcw was accomplished using 81C 
spcetrofiuoromeier and setdnga descrtbed above as w«U a*a 
fiberoptic accessory (SrXX caL no. 1950) 10 both send excuaoon 
Rght to, and receive emitted light from, a PCR placed ma well oj 
a model «0 mowydcr (Pcitm^lmer Cetus). The probe end 
of the fiberoptic cable was attached with "5 nwirtc-cpoxy to uw 
open top of a PCR tube (a 0.5 ml ptfypropyienr. centrifuge WW 
with its cap removed) effectively scaling il The cxposen^top <rt 
the PCR tube and the end of the fiberoptic caWe were shielded 
from room Ught and the rooto MghU were kept dimmed during 
each ru»- The monitored PCR was an ooiphhcauon of V-cbro- 
rnosome-spcdfk repeat seoueucei V dc^bed above, except 
usirtff an anneah'ngtetension ccroperauirc of 50°C. The rcacoon 
was covered with Vu*er*l oil (2 drops) to prevent evaporation- 
Thcnnocydiinr and fiuoresccna measurement wrc surged «- 
multancously. A time-base scan witfi a 10 second Hitegranofl tone 
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w ss uwsd and ihc embttOtt signal was ratioed to" the excitation 
Jijrcwl to control for ch?m£$* <ft Ji$ht-»ourcc urtenjtity. D^t* were 
fleeted using the dro3W0f, version 2.5 (SPEX) data system. 

Wc thAnx Bob Jones For help with the spectrofluormetric 
mcsiuureincnt* and HcaiherhetJ Fon$ for editing this maniucripL 
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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Livak, Susan J.A* Flood, Jeffrey Marmaro, William Gtusti, and Karin Deetz 
Perldn-Dmcr, Applied U I systems Division, Vmler City, California 94404 



; The 5' tiucleat* PCR mt%my d« tacts th« 
( accumulation of specific PCR product 
' by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
during the ampliflcatlon reaction. 
The probe Is an oligonucleotide with 

- both a reporter fluorescent dye and a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dlcotci that the probe has hybridized 
to the target PCR product and ti«» 

< been cleaved by the 5'-*3' nucle- 
olytlc activity of Taq DNA polymerase. 
In thU ftudy, probes with the 
• quencher dy* attached to on Internal 
nucleotide were compared with 
probes with the quencher dy« at- 
tached to the J'-end nucleotide. In all 
1 cases, the reporter dye was attached 
■ to the S' end. All Intact probes 
thowed quenching of the reporter 
fluorescence. In general, probes with 

- the quencher dye attached to the 3*- 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes. It Is 
proposed that the larger signal Is 
caused by Increased likelihood of 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3 '-end nucleotide also <txhlhlt«d 
an Increase In reporter fluorescence 
Intensity when hybridized to a com- 
plctnentery strand. Thus, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite ends can 
be used as homogeneous hybrldlza- 

oTOlg] 



r\ homogeneous msatay for detecting 
II u- M4vut nutation of specific 1*CK prod- 
uct that uses a double-labeled fluoro- 
genie probe was described by Lee et al» 0> 
The assay exploits the 5' * > 3' nude- 
olyilc activity of Taq DNA poly- 

iiitria&t?' 7 '^ and l» diagramed in Mgure 1. 
The fUioi'ogenic pitjhti tousJsts of an oli- 
gonucleotide with w reporter fluorescent 
dye, >mh as a fluorescein, attached to 
the 5' end; and a quencher dye, such as a 
rhodaminc, all ached internally, When 
the fluorescein is excited by irradiation, 
Us fluorescent emission will be 
quenched it the ilunlumine b close, 
enough to be excited through tfa* pro- 
cess of fluoresce! u.v energy transler 
(ra*). M -« During PCR, if the probe is hy- 
brid! r.cd to a template ah and, Taq DNA 
polymerase will cleave the probe be- 
cause of its Inherent 4 V «* 3* nucleolytlc 
activity. If the cleavage occurs between 
the fluorescein and rhodaminc dyes, it 
causes an increase in fJuotcsVcin fluores- 
cence intensity because the fluorescein 
is uu longer quenched. "The Increase in 
fluorescein fluorescence Intensity Indi- 
cates that the probe-specific PCR product 
has btn:n gem* rated. Thus, PET between a 
ic.|kjiIci dye mid a quencher dye is criti- 
cal to the performance of llic piubc iu 
Uie 5* xiuChraM: PCR axsuy. 

Quenching is completely dependent 
on the physical proximity of \hv. two 
dyes/' 0 Because of this, ll has heun as- 
sumed that the quencher dye must be 
attached neai the 5' end. Surprisingly, 
we Iwve found that attaching a rho- 
doiiiine dye at the 3' cud of a pi til m 



PCn assay. PuHhcrmorc, cleavage of this 
type of probe, is not required to achieve, 
some reduction In que netting.. Oligonu- 
cleotides with a reporter dye on the 5' 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when douDle-stranoed as com- 
pared with single-stranded. This should 
make it possible to use this type of dou- 
ble-labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phoaphoramidiie was obtained from 
Glen Research. The standard DNA plios- 
phor&miditcs, 6-carboxy fluorescein (6- 
FAM) phosphoramidite, 6-carboxytet* 
ramcthylrhodamlnc succxnimldyj csicr 
(TAMRA NHS ester), and Phosphalink 
for attaching a H'-blocklng phosphate, 
were oDtalncd tium Parkin -Elmer, Ap- 
plied Blosystems Division. Oligonucle- 
otide synthesis was performed using an 
AB1 model 394 DNA synthesiser (Applied 
Biusystems). Primer and complement 
oligonucleotides were purified using 
Ollgu Purification Cartridges (Applied 
Blosystems). Uuublc-lalntk-.d jintbes were 
rsynUiesir-ed with o-PAM*labeled phov 
pliuiditjfdilc ui tht: 5 1 ttnd, JAN rvpluchig 
one of the Ts in the sequence, and 3'hos- 
phalink M the V end, Polio wing de- 
piutn:tloti and rthanol precipitation, 
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Polymerization 



Forward 
Primer 



Strand displacement 



Prirnar 



Cleavage 



(3) 

-Jo? 



Polymerization completed 



FlCURt 1 Diagram of 5' nuclease assay. Stepwise representation of trie 5' -* 3' nucleoryrk' ac- 
tivity of Taq UNA polymerase acting on a fluoruKcnic probe UurJiiK one extension phase «f I'tiK. 



iyim Nvblcartronatc buffer (pU 9.0) at 
room temperature. Unreached dye was 

icmovcj by iMtastfftc ovei a I*D*10 Sephtl» 

dcx column. Finally, (he double-labeled 
probe was purified by preparative hiRh- 
performance liquid chromatography 
[\mx\) using an Aquaporc C K 22Jlx4.6- 
mm column with 7-^m particle site. The 
column w« developed with a 24*mhi 
linear gradient of 8-20% ucctonttrlH; in 
0.) m TEAA (tricthylanilnc acetate). 
Probes are named by designating the se- 
quence from Tabic 1 and the position, of 
the IAN-TAMRA molery. Yoj example. 

probe Al-7 ha* sequence Al with f-AN- 
TAMRA at nucleotide position 7 from the 
5' end. 



PCR Systems 

All PCR amplifications were performed 
in the Pcrkin- Elmer CcncAmp PCR Sys- 
tem 9600 using MJ-iU reactions that con- 
tained 10 mwi Tris-HCl (pi I a»3), 50 inM 
KU ( 200 u-M dAW, 200 u.m dCJV, 200 \iM 
dCYTC>, 400 h-m dUTP, 0.5 unit of Ainplir- 
ase uracil N-glycosylase (Pcckln-Eimer), 



gene (nucleotides 2141-2435 in the sc* 
quence of Nakallma-Iljlnia ct al.) m was 
amplified using [j i iiii era AFP and AJU* 
(Table 1), which are modified slightly 
from those of du Brcull ct fth Cft) Act In am- 
plification reactions contained 4 niM 
M 5<- : l^ 20 ng ot human genomic JWA, 
50 nw Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was S0 tt 0 
(£ min), 95°C (10 mln), 40 eyelet of WV, 
(20 sec), 60*C (1 mln), and hold o< 72°C. 
A 515-bp segment was amplified from a 
plasmld t).iat consists oi a segment ol X 
UNA (nucleotide* 32,a?XKt2,747) in- 
serted in the Sma\ situ of vector pUCl 10. 
These reactions wfUuliutd 3.5 nm 
M^U*. 1 ng of plusrnid DNA, 50 OM P2 or 
P5 ^robc, 200 nw primer FU9, and 200 
uM pi unci R119. The thermal regimen 
was SCTC (2 mln), P5*C (10 mln), 25 cy- 
cles of (20 sec), 57%: () mln), and 
hold at 72 ft C 



PUmrctscence Detection 

Hor each amplification reaction, a 40-fiJ 
aliquot of a sample was transferred to an 
Individual well of a white, 9&wa\\ micro* 
titer plate (Perkin-l!lmer). Fluorescence 
was measured on the Pcrkin-KImcr Taq* 
Man LS-50U System, which consists of a 
luminescence tpoctromcter with plaic 
reader assembly, a 485-nm excitation fll* . 
ter, and a M&-nm emission filler. Excita. 
tion was at 488 nm using a ,S-nm slit 
width. Emission was measured at 518 

nm for 6-PAM (the reporter or W value) 
and nm for TAMUA (the quencher or 
Q value) using a 10-nm silt width. To 
determine the increase in lepoiUi ctnls- 
vltn i that l.i cuuscd by cleavage of the 
probe during PCR, three normali/jstlona 
aie applied to the raw e minion data, 
first, emission Intensity of a buffei blAnk 
is subtracted foi each wavelength. Sec- 
ond, emission Intensity of the. reporter h 



Name 


lype 


PI 19 


primer 


KU9 


prlmvT 


P3 


.probe 


P2C 


complement 


PS 


probe 


rsc 


complement 


AKP 


primer 


ARP 


primer 


Al 


probe 


Atf. 


complemvril 


A3 


piol>c 


A3^ 


cunipltrinrul 



.Sequence*. 



ACCXACAC3GAA<rrCA'l*CACCACTC 

A*ixrrcucarrcx:GGcrir.AcxriTCTiCiC 
i <XK^i'jy\crOAicc*rix;cti\AccACTp 

CTACl'C GTrC C CAACXi ATCA< iTAATG r.CA'I C 
CCJ 0 A'l Tl"GCr<J(j rA'l'CrAlXJACAAC G ATp 
TirATCCTTCTCATAC^lACX::AOCA>\A*r 
TCACCCACACTGTGCCCATCTACQA 
CACiCXiOAA t A ;tid t AITCCtVlATOCJ 
ATOCCC1CCCCCATG CCAlCCroCOTp 

A(Jvcc:(iA(it;A'ix;c:cjvTc;(;c;cu;A(:(;(;<UTAC 

CGCCCTGGACrrCCAOCAACAOAV|. 
CflATCTCTTOCrCflAAGTCCAtiGGCOAC 



CT0@ 



Tor each oUKoniK'lcortilc used In this study, the nucleic add sequence h given, written in the 
S' > 3' dinxVioii. Tbeie are ibrer types of oUgonucicoiides; TCR primer, fluorogenJc probe used 

Z0S6 091 6^6 Tfd LS'tX 200Z/S0/2T 



90RH 



From : BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12: 16flM P05 



\illl\ Research 



•IPC 
'VC. 

re. 

:.f \ 
in. 

mM 

Zur 

aw 
<r 



)Mil 

'■ flu' 
:ro- 
nrt; 
■ q- 
J>f a 
lute 

m- 

Ita- 
slit 
51 fi 
«e) 
•* or 
10 

•lis* 

the 
JtlS 

nn. 
ink 
•ec- 
r Is 



Al-2 RAQt3f;frfriYx:rxx^TOitA7C<ncc , GTp 

A1-7 SUTCCCCftCXX*CCATC^<.-A'lXX7JyXy/l 1* 

A 1 -26 BMVCC&<<&ttM<X;<:Ki<:t^<<&i> 



Prob* 


G18 nm 


£82 nm 


RQ* 


RQ* 






flA tMHp. 


* Unrip. 


no Wmfx 


* t*mp. 










35.5 A 2.1 


32-7 i 1.0 


38 J 4 0.0 


39-0 4 2.0 


0X7 * 0.01 


o.eo J OAG 


0.10 d 0.06' 




B3.014.3 


30S.1 JT21.4 




* 10-3 !* 5.3 


0*0 ♦CO* 


3.56*0.17 


3X0*0,16 




127.0*1.0 


403.3* ID. 1 


1O0.71S.3 


03.1 4 O 


1.1510.03 


4.3410.15 


3.184 0.15 


A*M9 


107.1* \ J,9 


^39.7.-* 7.7 


70.3 i 7. A 


73.0 A 9,0 


2.67 3 0.06 


6.00 i 0,10 


3,131 0.16 


A1-22 


224 . C J 0.4 


49C,t* * 43.6 


100.0 ±4.0 


06.210,© 


C£G a 0.03 


5.0C A 0.1 1 


C77 10.12 


A 1-26 


160.2 J 0.3 


4i>4.1 1 




W7 ± 


1./2±UJU2£ 


b,01 ±0.0b 




"CURE 2 RnultoutS 1 


uuclcaor nwy t«nni>arii\g £-&cdn probcl with TAMRA At different nude 



otkle positions. As described In Materials and Methods. vtlt amplifications containing the in- 
dicated probes Were performed, and the fiuorwivcnce emission was measured »t 518 and 582 nm. 
deported vnUu'ti an? the avcra^ci-l U5. for six reactions nin without added template (no temp.) 
-oiil six reacilons run with template (*i tcjnp,). The RQ ratio was calculated for each individual 
reaction and averaged to give the rcportecTRQ" and* HQ 1 values. 



amcied by the emission intensity of the 
quencher to give an KQ ratio fur each 
reaction tube. Tills normalises for wcll- 
to-wen variations in probe concentra- 
tion and fluorescence measurement. Fi- 
nally, ARQ 13 calculated by subtracting 
the KQ value of the no- template control 
(RQ") from the KQ value for the cum- 
plctc reaction including template 
(RQ?). 

RESULTS 

A senes of probes with lnacasing dis- 
tauces Derween the Ouorescum reuortci 
and rhodamitic quencher were tweed, to 
investigate the minimum and maximum 
spacing that would give an acceptable 
performance in the 5' nuclease PGR as- 
wy. Tnese probes hybridize to a target 



.sequence in the human p-octin gene.. 
Hfjuic 2 shows the results of on experi- 
ment in which these probes were In- 
cluded in f*0R thai amplified a segment 
of the p-itctiu grim containing the Uigct 
sequence- rcifuiinance la the S' nu- 
clease I'CR assay is monitored \jy the 
magnitude of AUQ, which Ira measure 
of the Increase in reporter nuoroenner 
cauacd by PCX orupllfi cation of the 
probe target. Probe Al-2h*v* AUQ value 
that Is close to rero. Indicating thai the 
probe was not cleaved appreciably dur- 
ing the amplification miction. This aug- 
Kc;>ta that With the quencher dye on the 
second nucleotide, from the 5' cnd f there 
Is Insufficient kkiui fot Tay polymerase 
to cleave efficiently between the reporter 
arid quendiei. The olhcr five probes ex- 
hibited comparable AKQ values thai ace 



clearly different from r.cro- Thus, all ftvc 
protnrs art- befng clcttvcd during \*CM am- 
pllflciiiloii louMing it' a similar increastr 
Jil lepurtea- fluoit^ccJice. Jt should be 
noted thai complete digestion of a prone 
produces a much larger increase in re- 
porter Ouoresccncs Uun thai observed 
In Figure 2 (data not shown). Thus, even 
In reactions where amplification occur*, 
the. majority o/ probe molecules rettialn 
unclcavcd. H Is mainly for this reason 
that the fluorescence intensity of the 
quencher dye TAMJIA channel HHlc with 
amplification of the targei. This Is whal 

allows us to use the 582-nm fluorc5ccnef. 
reading as a norm all xntton factor. 

The magnihid** of UQ* drponrit 
molnly on the quenching efficiency in- 
herent in the. 5pe:citic .structure ol the 
probe and the purity of the oligoimcle 
otide. Thus, the larger UQ" values Indi- 
cate that proDes AM4, AJ-19, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7. Sllll, the degree 
of quenching Is sufficient to detect a 
highly significant Imrrcosc In reporter 
fluorescence when each uf these probes 
ia cleaved during PCU. 

To further investigate the ability of 
TAMRA on the V end to quench 6-PAM 
on die 5' end, three additional pairs of 
probe) were tested in the 5' nuclease 
PGR assay. Vot each pair, one probe has 
TAMRA attached to an intcmol nude- 
dllUe and die othei has TAMRA aLUchcd 
to the V end nucleotide. The results arc 
jhowii ln Tabic 2, For all three sets, the 
probe with the 3' quencher exhibits u 
&RQ value that b considerably higher 
than foe the probe with the Internal 
quencher. The WQ* values suggcM iKni 
diiTerences in quenching arc not as j; r eur 
as those observed with some of the Al 
probes. These results demonstrate that a 
quencher dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



:i<; 

V 

A'.: 



the 
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TABLE 2 Results of S' Nuclease Assay Comparing Probtts wlUi TAMRA Attached t o an Internal or 3 1 -terminal Nucleotide 
518 nm *S3 nm 



Probe. 


no temp. 


+ temp- 


no LCUip. 


+ tern p. 


HQ 


RQ 1 


AKO, 


A3-6 
A3-24 


54.6 x 3.2 
72.1 ± 2.9 


236.5 a. 11.1 


U6.2 i 6,4 
&4.2 + 4.0 


11*1.6 ± 2.5 
90.2 *-t- 3.8 


0.47 a. 0.02 
0.86 -± 0.02 


0.73 a. 0.0H 
2.62 i 0.05 


0.20 ± O.fM 
1.76^:0.05 


17-7 
1*2*27 


82.B a. 4.4 
113.4^6.6 


3B4.01 34.1 
555.4* 14-1 


iuy) X 6.4 
340.7 ^ 8,3 


120.4 =r ia2 
118.7=: 4.8 


0.79 J. 0.02 
asi * 0.01 


3.19 * 0,36 
4.68 ± 0.10 


2.40 i» 0.16 
3.88 t 0.10 


1*5-10 
P5-28 


77 J i 6-S 
64.0 X 5.2 


244.4 a 15.d 
333,6 ± 12.1 


86.7 i 4.3 
100.6 * 6.) 


* 6.7 
94.7 2 6.3 


0.89 a 0.05 
0.63 ± 0.02 


2.S5 ?. 0.06 
3.53 sk 0.12 


1.66 ± 0.08 
189 i 0.13 



" — *~4u-*»a r,«,^r «b-,,b»iinns wc:rr nerformcd us described In Material «..d Methods And in the le R end to KI&. 2, 
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flume xrencr of a reporter dye on the £' 
end. Hie degree of quenching Is suf ft* 
cienl fur iIiik type of oligonucleotide to 
be used as a probe in the V nuclease PCR 
assay. 

To test the hypothesis thai quenching 
by a .V TAMRA depends on the flexibility 
of tjiG oligonucleotide, fluorescence was 
meaiuied fur probes in the Single- 
stranded and double stranded states. Ta- 
hi? A reporU Oie fluorescence observed 
at 518 and S82 nm, The relative degree 
of quenching Is assessed by calculating 
the RQ ratio, far probes With TAMRA 
MO nucleotides from the S' end, there 
Is little difference in the RQ values when 
comparing single-stranded wirh double- 
Stranded oligonucleotides. The results 
for probes with TAMRA at the 3' end aTe 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic Increase in HQ. We 
propose that this loss of quenching is 
caused by the rigid Structure of double* 
Stranded 1>NA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Mg 3< effect on 
quenching. Figure 3 shows a plot of ob- 
served RQ values for the Al series of 
probes as a function of Mg 2<t concentra- 
tion. With TAMRA attached near the 5' 
end (prohe Al-2 or Al-7), the HQ value al 
0 niw Mg 2 " is only Sllglilly higher than 
RQ at 10 ium Mg* 1 . l J or probes Al-19, 
Al-22, and Al»26, the RQ values at 0 mM 
Mg* J are very high. Indicating a much 



rod need quenching efficiency. For each 
of these probes, theie Is a marked de- 
crease in HQ al 1 inr* Mg* * followed by 
u grudual decline as the Mg p 1 cuiiccn- 
trotion increase* to 10 mM, Piuuc A1-14 
shows ait intermediate RQ value at O mM 
M$ 74 with tt gradual decline at higher 

Mr 7 * coiKeiitiatlous. In a low-Salt en- 
vironment with no Mg 1 * present, a sln- 
gle-Mranded oligonucleotide would he 
expected to adopt an extended confor- 
mation because of electrostatic repul- 
sion. The binding of Mg a+ Ions acts in 
silicic! the negative charge of the phos- 
phate, backbone so that the oligonucle- 
otide can adopt conformations where 
the :V end is close to the 5' end. There- 
fore, the observed Mg 2 1 effects support 
the notion that quenching ol a 5' re* 
porter dye by TAMRA at or near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

DISCUSSION 

The striking finding of this study is that 
it seems the riiodamine dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the flu orescent emis- 
sion of a fluorescein (6-l J AM) placed at 
the S' end. This Implies that a single- 
stranded, double-label ed oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is close to rhc 5* 
end. It should be noted that Uie decay of 
6-HAM In the excited state requires a cer- 
tain amount of time. Therefore, what 



TABIC 5 Comparison of PlunraicciKC F*mi>»4VU3 of MnKlc-JitnmtiCXl and 
Douhle-jdrendcd Fluorogenlc Probe* 
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62.88 


39.33 
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0.43 
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A.V24 


30.05 
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0.45 
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35.02 


70,13 


54.63 


121.09 


0,64 


0.58 
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39.A9 


320.47 


65.10 


61.13 


0.61 


SJ25 


l'S-10 


27.IH 
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61,*S 


165.54 


o.n 


U.«7 


PS-Sfl 


33.65 


462.29 


7i.J9 


10*.$ 1 


0.46 


4.43 



(s$) Single-stranded. J tie fluorescence emissions at 518 or 582 run for solutions containing a final 
concentration of 50 nM Indlcaied probe, lo mM rn>i ICI (pH 8,3), SO mM KC1. and 10 mM MgOV 
(di) Double-ivtnindpd. Th* solutions contained, In addition, 100 iim AlC feir probes Al-7 and 
A1-Z6. 100 n>t A3C for probes A3-6 and A3-24. 100 nM 1*24: for pinlM's YZ-7 and 1*2-7.7, or 100 nM 
PSC /wr prober P5-10 and nefnre me aootuon of Mjtdi, JZCi yA or each aamiittf was nested 
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mattcrn for quenching is mil the average 
distance between o-l-AM and TAMRA 
but, rather, how Close TAMRA can get lo 
6*rV\M during die lifetime of Ulc 6-WVM 
excited state. As long as the decuy time nf 
the excited stale is relatively long coin- 
pareo wim the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
6-FAM at the 5' end because TAMRA is In 
proximity to o.KAM often enough lo be 
able to accept energy transfer from an 
excited 6.FAM. 

Details of The fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridisation of probes 
Al-26, A3-24, and PS-28 to their comple- 
mentary strands nor only causes a large 
increase in 6-FAM fluorescence at 51 o 
inn but also causes a modest increase in 
TAMRA fluorescence at 582 nm. If 
Tamra Is being excited by energy trans* 
fer from quenched 6-V'AM, then loss of 
quenching attributable to hybridization 
should cause a decrease In the fluores- 
cence emission of TAMRA, The fact that 
the fluorescence emission of TAMRA in- 
creases indicates that rhe situation Is 
more complex. For example, we have an- 
ecdotal evidence that the bases of The 
oligonucleotide, especially Ci, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
6-*AM in an intact probe is the TAMRA 
dye. Kvidence for the Importance of 
TAMRA is that 6 KAM fluuiesornce 
remain A relatively unchanged when 
probes labeled only with 6-l : AM are used 
In Uie 5' nuclease TCR assay (data not 
shown}. Secondary effectors of fluorav 
cence, both before and aftei cleavage of 
the probe, need to be. explored further. 

Kegardlcss of the physical mccha* 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the S' nuclease 
PCR asHay. There are three main factors 
that determine the performance of a 
double-labeled fluorescent probe In die 
V nuclease 1>CR assay. The first factor Is 
the degree of quenching olixerved In the 
intact probe. This Is characterized by the 
value of RQ' ( which is the ratio of re- 
porter to quencher fluorescent cmis 
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FIGURE 3 Kltect e»f Mg'" 1 tt>nccntrAtion on RQ ratio for the Al seriex of probej. The fluorescence 
emission Intensity al 518 and 582 nm was measured for solution* containing 50 om probe, lOmM 
TrH-HCl (pH 6.3), 50 mM KCI» and varying amount* (0-10 rim) of MgCI*. The calculated RQ 
ratio* (518 nm intensity divided hy S82nni intensity) an- |iUUU*tl vs. MgCI A . concent ration (mM 

Mfc), Tlitr key {up)/K# /yj/t/> »Ih»\y» lhc pmln^ cxaiuiiunl. 



dyes used; spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
ulhei faCLuri thai irduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
uf hyhi tdizauuu, which depends oil 
probe T mt presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The ihird factor Is the efficiency at 
which Taq DNA polymerase d eaves the 
bound probe between the reporter and 
quencher dyes. This cleavage 1$ depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation thai mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the dciiva^v of 
probe. n> 

The rise in HQ* values for the Al se- 
ries of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. ihe lowest apparent quench- 
ing Is observed for probe Al-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Ai-Zo). This t» 
■understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher at the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than . Is an internally placet! 
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probes, the interpretation of RQ, values 
is less clear-cut. The A3 probes show the 
some trend as Al, with the 3' TAMRA 
piobe having a laiger RQ than the In- 
ternal TAMRA probe. Por the P2 pah, 
lx»ih probe*.* have about the samr RQ* 
value, For the PS probes, the RQ for the 
3 r probe is less than tor the. Internally 
labeled probe. Another factor that may 

explain some of the observed variation is 
that purity affects the RQ" value. Al- 
though all | J rubes are HPLC putificd, a 

small amount of contamination with 
un quenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest el* 
feci on decree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
pi'obc cleavage. The most drastic effect is 
observed with probe Al -2, where place- 
ment of the TAMRA on the second nu- 
dcoUde tedueea the efficiency of cleav- 
age to almost zero. For the A3, P2, and PS 
probes, ARQ is much greater for the 3' 
TAMKA probes as compared with the in- 
ternal TAMRA probes- This is explained 
most easily by assuming thai ptobes 
with TAMRA at the 3' end are more likely 
to De cleaved between icpoilet and 
quencher than arc probes with TAMRA 
attached internally, Por the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ docs 
not increase when the quencner is 
nUrcnl now to thn .V end. This illus- 



trates the importance nf being ahtr to 
use probes with a quenchor on lha It' 
end in the S' nuclease pat assay. In this 
assay, on increase in the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between I he 
reporter and quencher dyes. By placing 
the luporlur id quuiicliui dyes oil the 
opposite end* of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When die quencher Is attached 
to un luiumul nucleotide, sometimes the 
piobe work* well (A 1*7) and othur Lluica 
not so well (A3-6). The relatively poor 
performance of probe A3-6 presumably 
means the probe U being cleaved 3' to 
the quencher tfithor than between the 
rppnripr and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PGR prod- 
uct in the V nuclease PCJR assay is to use 
a probe with The reporter and quencher 
tfyOit on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit In 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
Internal nucleotide might be expected to 
dUrupt base-pairing ami reduce the t m 
of a probe, in fact, a 2 n lWA*C reduction 
In T m has been observed for two probes 
With internally aiudied TAMRAv'^ Hits 
disruptive effect would be minimized by 
placing the quencher at the 3* end, Thus, 
probes with 3' quenchers might exhibit 
alifchtly higher hybridisation efficiencies 
limn piobeS with internal qucndien. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probe* with 3* quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
will i internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use. o single 

probe to detect PCH-amplificd products 
front haiiipltTk uf different species. Also, it 
mean's that cleavage of prubv during PCR 
Is less sensitive to alteration* in An- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. 
ct al.°* demonstrated that aliele-speciflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS0B mutant, Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Kffect of Mg* 1 concentration on RQ ratio for the A3 series of probes. i*he fH«3r««.\riici! 
emUiiun intensity al 51 B and 582 nm was measured for solution* containing SO iim probe, J 0 mM 
Trix-lia.(pH 8.3), 50 t*m <d, and varying amounts (0 10 mM) of M^Cl*. The calculated RQ 
ratios (sitt nm Intensity divided t>y 5«2 tmi intensity) are plotted vs. MgCla concvnmitinii (him 
Mr). The key (upper right) shows the probes examined. 



dyes used, spacing between reporter and 
quenchcx dyes, nucleotide sequence, 
context effects, presence oi structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the. 
probe. The second factor is tftc efficiency 
of hybridization, which depends on 
probe 7* m , presence of secondary struc- 
ture in probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dyes drastically reduce the cleavage of 
probe. <l> 

'the rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching is reduced some* 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe A1-19 (sec ttg. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the 3' end position would be expected lo 
be less restricted than the conformation 
of an Internal position. In effect, a 
quencher ar the 3' end is freer to adopt 
conformations close to the 5' reporter 
dye than is an internally placed 
quencher. For the other three sets of 



probes, the interpretation of RQ* values 
is less clear-cut. The A3 probes show the 
same rrend as Al r wlU) the 3' TAMRA 
probe having a larger RQ" Hum tin; in- 
ternal TAMRA probe. For the F2 pair, 
boUi probes have ahout the same RQ 
value. For the PS probes, the. RQ' for the 
3 1 probe is leys than foi the lutein Ally 
labeled probe. Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value. Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may be a modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe A 1-2, where place- 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost zero, tor the A3, P2, And PS 
probes, ARQ is much greater for the 3' 
TAMRA probes as compared with the in* 
temal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached Internally. Por the Al probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQdocs 
not increase when the quencher is 
placed closer to the .3' end. This illus- 
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tralos the importance of beJnfl able to 
Ufle probes with a quencher on the 3' 
end In the V nuclease i'CK assay, la this 
assay, an increase In tho inten&ity of ro. 
porter fluorescence I* observed only 
when the probe is cleaved between the 
reporter and quencher dyes. l<y pluclng 
tho reporter and quencher dye* on tha 
opposite ends of an oligonucleotide 
(rrobe, any ctevvuKi' that occur? will U* 
detected. When the quencher ut attached 
to uti Inteiual nucleotide, *vn idling the 
probe works well (A.i-7) and other times 
not so well (A3-6). The relatively poor 
performance of probe A3-6 prc&umably 
means the probe is beluu cloavod 3' to 
the. quencher rqthcr than between the 
reporter and quencher. Thaw. lore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the S' nuclease PCR assay Is to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the 3' 
end may also provide a slight benefit in 
terms oi hybridization efficiency. 'Itie 
presence of a quencher attached to an 
internal nucleotide nVi*hl be expecicd to 
disrupt base-pairing and reduce the T, n 
of a probe.. In fact a 2°C-3 g C reduction 
in T m has been Observed for two probes 
with internally attached TAMMs/ 9 * This 
disruptive effect would be minimised by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
slightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cleav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-ampIihed products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al ( " demonstrated that allclc-speclhc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
pcrfoeUy complementary target. This al- 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFS08 mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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Ihu V end and were designed so thai any 
mismatches were between the reporter 
add quencher. Increasing the distance 
betwtuin reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thus, probes 
with a quencher attached lo ftn internal 
nucleotide may still be ucoful for allelic 
discrimination. 

In this study loss of quonchlng upon 
hybridisation wax uacd to show that 
quonchlng by a 3* TAMRA 1m dependent 
on the flexibility of a slngltsstranded oli- 
gonucleotide. The Increase in reporter 
fluorescence intensity, though, could 
aUo be used to determine whether hy. 
brldlzatlon has occurred or nor. Thus, 
oligonucleotides with reporter and 
quencher: dyes attached at opposite ends 
should also be useful as hybridization 
probes. The ability to delect hybridize 
tlon In real time means that these probes 
could be used to measure hybridization 
Kinetics. Also, this type of probe could be 
used to develop homogeneous hyhrid- 
i ration nssayj lor diagnostics or other ap- 
plications. Bagwell Ct al. <l0> describe just 
this type of homogeneous assay where 

hybridization- of ft probe causes an In* 
crease In fluorescence cauacd by a loss of 
quenching. However, they utilized a 
complex probe design that requires add- 
ing nucleotides to both ends of the 
probe sequwncu to form two imperfect 
hairpins. The results presented here 
demonstrate that the simple addition of 
a reporter dye to one end of an oligonu- 
cleotide »nd a quencher dye to the oUivi 
ond genera toe a fluorogonlc probe that 
can detect hybridisation or PCK amplifi- 
cation. 
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Wcl^e deeped a novel "real time" quantitative PCR method. T J* ^ 

accumulation through a dual-labeled fluoroeenlc probe «, TaqMan £ 

accurate And reproducible quantitation of gene copies. Unlike other quantitative PCR mcthocte^reai "™ 

eTultin^ tamuch faster and higher Throughput assays. The Mm PCR method , has a ^WjMjJc 

of starting target module determination (at l«i nvc orders of ^^^ Mm 
PCR to extremely accurate and less labor-intensive than current quantitative PCR methods. . 



Quantitative nucleic acid sequence analysis Mas 
had an important role in many fields of biologi- 
cal research. Measurement of gene, expression 
(RNA) has b«en used extensively In monitoring 
biological responses to various stimuli Clan cl ai. 
1994; Huanft el al. 1995n,l>; Prud'homme el al. 
1995). QuantiiaUve gene analysis (TWA) has 
iH-en used to determine the genome quantity of a 
particular gene, as in the case of the human HEK2 
gene, which Is amplified in -30% of breast tu- 
mors (Slamon ut al. 1987). Gene and genome 
quantitation (DNA and UNA) also have been used 
for analysis of human immunodeficiency virus 
(J1JV) buTden demonstrating changes in the lev- 
els of virus throughout the different phases of the 
disease (Connor «t al. 1993; Platak ct al. jvv:th; 
Purrado et al. 1995). 

Many methods have been described for tin: 
quantitative analysis or nucleic acid sequences 
(both for RNA and DNA; South*™ VJ/b; Sharp ct 
al. 19K0; Thomas 19H0). Recently, PCR ha* 
proven to be a powerful tool for quantitative 
nucleic acid analysis. PCR and reverse transcrip- 
tase (RTJ-PCR have permitted the analysis of 
minimal starting quantities of nucleic acid (as 
little as one cell equivalent). This has made ]>os- 
sible many experiments that could nol have been 
performed with traditional methods. Although 
PCR has provided a powerful tool, it is imperative 



thai It be uacd properly for quontttudon (Ua«y- 
maekers 1995). Many early reports of quantita- 
tive PCK and RT-PCR described quantitation of 
the VCR product but did not measure the Initial 
target sequence quantity. II is essentia) to design 
pmi>cj controls for Ihc quantitation of ihe initial 
target sequences (Pcrrc 1992; Clcnientl el al. 
100?.) 

Re.s^archcxs have, developed several methods 
of quantitative PCR and RT-PCR, One approach 
measures i*CR product quantity in the log phase 
of the reaction before, the plateau (Kellogg ct al. 
1990; Pang ct it). 1990). This method requires 
thai each sample has equal input amounts of 
. nucleic add and that each sample under analysis 
amplifies with identical efficiency up to (he. point 
of quantitative analysis. A gene sequence (con- 
tained hi all .samples at relatively constant quan- 
ta'.**, such as p-aclln) can be ustsd for sample, 
amplification efficiency normalization. Using 
conventional methods of PC:u detection and 
quantitation (gel electrophoresis or plate capture 
hybridization), it is (yd remcly laborious to assure 
that all samples are analyzed during the log phase 
of the reaction (for both the target gene and the 
normalization gene), Another method, quantita- 
tive competitive (QC)-PCK, has been developed 
and is used widely for PCR quantitation. QC-PCU 
rrlics on the inclusion of an internal control 
competitor in each reaction (Becker-Andre 1991; 
Platan el ol. 1**W>). effldency of each re- 
action is normalized to the internal competitor. 
a irnnwn amount of internal competitor on be 

anniM 7nc« nai «*« wj rc:m 7nn7/cn/7T 
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added to each sample. To obtain relative quant- 
ration, Iho unknown target PGR product is ami- 
pared with the known competitor I* :U product. 
Success of a quantitative competitive VCM assay 
relies on developing an internal control II ml am- 
plifies with the same efficiency as the uugel mol 
cculc. The design of the compel! toi and the vali- 
dation of amplification efficieneiea. jequire a 
dedicated effort. However, because QC-l'CR does 
not require that PGR ptoducts be analysed during 
the lo& phase of I he amplification; it is tin: easier 
uf (he i*/o methods to use. 

Several detection systems wiv used for quan 
Illative l-'CK and RT-PCtt analysis; <1) agarose 
gels, (2) fluorescent labeling " f products and 
detection with la.iKT*iiiclucccl fluorcaccnce vising 
capillary electrophoresis (Fasen ct ah 1995; Wil- 
liams ct ah 1 996) or acrylaiutde gels, and (3) plate 
capture and sandwich probe hybrid I Dillon (Mul- 
der ei ah 1994). Although these method* pmvtrd 
successful, each method requires posl-l'CR ma- 
nipulations that add Time to the analysis and 
may lead to Jabumluty i uitlairmiation. The 
sample throughput uf these me I hod* i.s limited 
(wllb the i-xtcpilon of the plate capture ap- 
proach), iind, th«ri:f«re ( these methods are not 
well suited fin u>o di-manding high sample 
Throughput (he., screening of large numbers of 
hluitiwlc\.ulc:* oi analysing samplva fwj diagnos- 
tics or clinical trials). 

Here we report the development of a novel 
assay for {quantitative DNA analyst A. The assay is 
hased on the use. of the 5' nuclease assay first 
described by HolLuud ct al. (1991). 'Die method 
uses ihe 5' nuclease. Activity of 7Yi</ polymerase to 
cleave a noncxtcndlblc hybridization probe dur- 
liij^ the extension phase of I'CU. The approach 
uses dual-labeled fluorogcnic hybridisation 
probes (Lee ct a). 19i>3; Husslcr ct al. I5>f 3; hlvok 
et al. \$9Cia t \.*). One fluorescent dye serves as a 
reporter | P AM (i.e., 6-carbo.xy fluorescein)! and its 
emission spectra is quenched by the second fluo- 
rescent dye, TAMRA (I.e., 6-canSoxy-letramethyl- 
rhodamlnc). The nuclease degradation of the hy- 
hrtdi>uitton probe rettjases the quenching of Ihe 
I'AM fluorescent emission, resulting in an In- 
crease hi peak fluorescent emission at Slg nm, 
The use Of a sequence detector (AIM Prism) allows 
measurement of fluorescent spectra of all i>6 wells 
uf the thermal cycler continuously during the 
lXiR amplification. Therefore, the rcuetiuu* uje 
monitored m real lime. The output data is de- 
scribed and quantitative analysis of input target 
UNA sequences is discussed betow. 



RESULTS 

PCR Product DercalQn in R«<*1 Time 
The goal wis to develop a high-throughput, sen- 
sitive, and accurate gene quantitation assay for 
use In monitoring lipid mediated therapeutic 
gene delivery. A plasmtd encoding human factor 
V1U gene sequence, pI-'8TM (sec Methods), was 
used as a model therapeutic w»<» Th <-' assH V uSr<l 
fluorescent Taqman methodology «nd an instru- 
ment capable a( measuring nunrescenco in real 
time (Alii rrisni 77(H) .Sequence TVlortnr). Hut 
laqnian reaction roquiros « hybridation prohr 
lalxrlcd witli two different fluorescent dyes. One 
dye li a reporter dy« (I'AM), the other lx 4 quench- 
ing uye (TAMRA). When the pad*: \s inlacl, fluo- 
tesccnt energy transfer occurs and the reporter 
dye fluorescent emission ia absorbed by the 
quenching dye (TAMRA). During tbe extension 
phase of the l'OK cycle, the fluorescent hybrid- 
lyjitlon probe K cleaved by tlie 5'-3' nucleolytic 
activity of thr. DNA poiymernsc. On cleavage of 
the probe, the reporter dye emission is no longer 
transferred efficiently to the quenching dye. re 
sultinK In on increase of the reporter dyu fluores- 
cent eiiii.-wlon ftj>ectra. l*CJU primers and probu» 
were dv>igm:il fm lliu human fhclor V J 11 se- 
quence and human p-actln gene (a.t described in 
Methods). Opiimization reactions were per- 
formed to choose Hie appropriate probe and 
magnesium concenuations yielding the hi^hes! 
Intensity of reporter fluorescent signal without 
iMJcrlfJeing specificity. The InMrumenl uses a 
charKe.coupicd device (I.e.. CCD eameru) for 
mea^tirlng the fluorescent cinlasiou apeetni from 
, r j(Kl to r«50 nm. l-ach VCM tube was monitored 
.setpiviitially (w 2A rn.ncc with ci>ntInuous moni- 
toring throughout the amplification. Uacll tube 
was rr.-cxandned every B»5 »cc. Conjputcr soft- 
ware was designed to examine the fluorescent In- 
tensity of both the reporter <iy<- (PAM).and 
the quenching dye fFAMIbA). The HuorcJsccAt 
intensity of the quenching dye, TAMUA, changes 
very Utile over tlie course of the PCR ampllfi- 
cailon (data not shown). Therefore, Ihc intensity 
of TAMKA dye emission serves as an internal 
.nUnclai-d with which to nornmlly* the reporter 
dye (l : AM) emission variations. T\w software cal- 
culates a value termed ARn (or AftQ) uiiing the 
following equation: ARn - (Iln J ) (R""), where 
Un 4 . - emtjftfiuu intensity of roporter/emissi»» in- 
tensity q< quencher al any given lime In a reae 
don lube, and Ru - emission intensilily of tc- 
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poncr/omisslon Jmvmily "f quencher meflMjrcd 
prior 10 PCK ainpiiiicaUoii in that same reaction 
tube. l ; or the purpose of quantitation, the Usi 
three data points (ARm) collected during the ex- 
tension step for each 1 J CK cycle were annJy/.ed. 
The micleolytic degradation of the hyurid lotion, 
probe occurs during the exicnvun phas* or real, 
and, therefore, reporter fluorescent cniiaajun in- 
creases during this time. 'Jiu: Uucc data points 
were averaged for each KJK cycle and the mean 
value for each was plotted in an "amplification 
plot" shown Jn J'Stfure 1 A. The AKn mean value \s 
plotted on the )*axis, and xiine, represented by 
cycle number, is plot ted on tin- *-axis. During the 
early cycles of the VCll amplification, the ARn 



value remains at base line when sufficient hy- 
bridist ion probe has been cleaved by Hie Tux; 
jxjlymcruse nuclease aetlvity, the intensity of re- 
porter fluorcjiccni emission iiiereu^'b. Most PCU 
amplifluilions reach u plateau phaHe of reporter 
fJuureHMiVt omission U th<r reaction Is carried nut 
i© high cycle ijumR'j*. The amplification plot 13 
examine! euily in lh« taction, ut a point that 
■ (.-presents i\w tog phase of pruducl arnmmla» 
tion. This Is done by assigning an m-biliary 
ihreshold tuui is based on the variability of the 
base-line data. In Figure 1 A, the threshold was sot 
at 10 standard deviations above the mean of 
ba*© line enUsiuiu calculated from iryden 1 lo 1 fv 
Once the threshold is chosen, the point at which 
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Ftaure \ PCR product detection m real time. W tnc Moaei //uu iuuworc rx.u w -"-"7~ Tl r 
"cm the extension phase fluorescent emission data collected during the PCR ■"^^J gandard d - 
viation is determined from the data points collected from the base line of the ^^^'^^^ £ 
calculated bv determining the point at which the fluorescence exceeds a threshold limit (usually 10 brnei me 
^d^l^^tebaae Ke). (0) Overlay of amplification plots of serially (1:2) n ^ d ^ 
Sma »nmtes amolified with 0-actin primers. (O Input DNA concentration of ample* P'otl^^.^ 



From : BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12:22RM P14 



the amplification plot erofcseo the threshold'ivele 
fined as C r . C r is reported as the cycle number;" 
this point. Ar vyjll be demons! rut ud> the CV P .valor 
lit picdicdve of the quantity of input target. 

Values Provide a Quantitative Measurement- of 
Inpur Target Sequences 

Figure IB shows amplification plots of lixChrTev- 
ent PGR amplifications overlaid, The nmpiifcoa- 
Hons were performed on a 1 :2 serial dilution -irf. 
human genomic DNA. j"hc amplified targel w:u 
human p actln. The amplification plot? Khifl to 
the right (to higher threshold cycles) n* the input 
target quantity is. reduced. 'J rns is oxpectod ho- 
cmuku HiHCttoriK with fewer starring copins of the 
largci molecule require greater amplification to 
degrade enough probe to attain the threshold 
fluorescence. An arbitrary threshold of 10 stan- 
dard deviations above the base line was used to 
determine the G r values- Figure 1C represents tlie 
C r values plotted versus the sample dilution 
value. Each dilution was amplified in triplicate 
PCR amplifications and plotted as mean values 
with error bars representing one standard dfcvia- 
Hon. The C r values decrease* linearly with increas- 
ing target quantity, Thus, C r values can be used 
as a quantitative measurement of the Input target 
number. It should be noted that the amplifica- 
tion plot for the 15. 6* tig sample shown in Figure 
IB does not reflect the same fluorescent rate of 
increase exhibited by most of the other samples. 
The 15,6-ng sample also achieves endpolnt pla- 
teau at a lower fluorescent value than would be 
expected based on the input DNA. This phenom. 
cnon has been observed, occasionally with other 
samples (data not shown) and may be attribut- 
able to late, cycle inhibition; this hypothesis is 
still under Investigation. It is important to note 
that the flattened slope and early plateau do not 
impact significantly the calculated O, value us 
demonstrated by the fll on Hie line shown m 
Figure. 1 C All triplicate amplifications resulted in 
very similar Cr values— the standard deviation 
did not exceed 0.*S for any dilution. Tills experi- 
ment contains a > 3 00,000-fold range of Input tar- 
get molecules. Using C v values for quantitation 
permits a much larger assay range than directly 
using total fluorescent emission intensity for 
.quantitation. The linear range. ol fluorescent in- 
tensity measurement of ihe ABI Prism 7700 Se- 
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nwifs over n very large r^iij»<- of rflMivr* oanmp," 
tar&et quantities. 

Sample Preparation Validation 

Several parameters Influence the efficiency nf 
PC:u amplification: magnesium and salt conceiv 
trations, reliction conditions (i.e., ttTiic and tem- 
perature), PCU target size and composition, 
primer sequences, and sample purity. All of The 
above factors are common to a single VCR assay, 
except sample to sample purity. In an effort to 
validate the method of sample preparation for 
the tactor VJ11 assay, PCR amplification reproduo 
ihility and oiflciency ol 10 replicate sample 
prejxi rat ions were, examined. After genomic DNA 
wax prepared fmm ihe 10 replicate samples, the 
DNA wasquantUatcd by ultraviolet spectroscopy. 
Amplifications were performed anaiyzJng p-aciln 
fcimc. content in 100 and Z5 nj; of total genomic 
UNA. Each I'C.'R amplification was performed in 
triplicate. Comparison of C r values for each trip- 
licate sample show minimal variation based on 
standard deviation and coefficient of variance 
(Tabic. 1). Therefore, each ol the triplicate PCU 
amplifications was highly reproducible, demon- 
strating that real time PCH using this instrumen- 
tal ion introduces minimal variation into the 
quantitative PGR analysis. Comparison of the 
mean Q values of the. 10 replicate sample prepa- 
rations also showed minimal variability, indicat- 
ing that each sample preparation yielded similar 
results for p-acttn gene quantity. The highest C. T 
difference between any of rhe samples was 0.S5 
and 0.73 for the 100 and 25 ng samples, respec- 
tively. Additionally, the amplification of each 
sample exhibited an equivalent rate of fluorc.\> 
cent emission intensity change per amount of 
DNA target analyzed as indicated by similar 
slopes derived from the sample dilutions (Pig. 2). 
Any sample containing an excess of a I'CX inhibi- 
tor would exhibit a greater measured g-actln. G r 
vatuc for a given quantity of DNA, In addition, 
the Inhibitor would be diluted along with the 
sample in the dilution analyNi.s (hi^, Z), altering 
the expected C f * vaiue change. Each .sample am- 
plification yielded a similar result in the analysis, 
dcmomlraiins that this method of sample prepa- 
ration is highly reproducible with regard to 
sample purity. 

Quantitative Analysis of a Plasm id After 

7ric« no/ «b« wj «c:*T 7nn7 /cn/7T 
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Table 1 . Reproducibility of Samplo Preparation Method 



10 



Mean 



100 ng 



Sample 

no. C T 



standard 
m£an deviation 



CV 



18.24 

18.23 

1 0,33 

18.33 

18.35 

1M4 

18.3 

18.3 

1«,42 

18.15 

18.23 

18.32 

18.4 

18.38 

18.46 

18.54 

1 8.67 

19 

18.2B 

18.36 

1832 

18.45 

1B.7 

18.7* 

18.18 

18.34 

18.26 

18.42 

18.57 

0 10) 



1»,27 
18.^7 
18.34 
18.23 



18.39 



1 

18.12 



0.06 



0.06 



0.07 



0.08 



1UM2 0.04 



18.74 0.21 



0.12 



18.63 0.16 



18.29 0.1 



0.12 
0.T7 



0.32 

0,3? 

0.36 

0.46 

0.23 

1.26 

0.66 

0.83 

0,55 

0.65 
0.90 



20.48 

20.55 

20,5 

20.61 

20.59 

70.41 

20.54 

20.6 

20.49 

20.48 

20.44 

20.38 

20.68 

20.87 

20.63 

21.09 

21.04 

21.04 

20.67 

20,73 

20.65 

20,98 

20.84 

20.75 

20.46 

20.54 

20.48 

20.79 

20.78 

20.62 



25 ng 



standard 
mean deviation CV 



20*51 0.03 0.17 

70.54 0.11 0.54 

20.54 0.06 0,26 

20.43 0.05 0.26 

20.73 0.13 0.61 

21.06 0.03 0.15 

20.68 0.04 0.2 

20.86 0,12 0.57 

20.51 0.07 0.32 

20.73 0.1 0.46 

20.66 0.19 0.94 



tor containing a partial cDNA for human factor 
vm, pl ; 8TW. A aeries of tra Defections was sot 
up usiii£ a decreasing amount of the plasinid v (40, 
A, 0.5, and O.I jig). Twenty -four hours \mM- 
trona feet ion, total r)NA wti9 purified from each 
flask of celb. (S-Actin gcuc quantity wa^ ciiuxn as 
a value for normal i^at inn or genomic DNA con- 
centration from cavil sample. In litis cxpenmcnt, 
[i-acun gene comcm should rem ain constant 
relative to roral genomic DNA. Figure 3 shows lijc 
result of the p-actin DNA measurement (100 jiy 
total DNA determined by ultraviolet spectros- 
copy) Ot each sample. Kach sample was analyzed 
in triplicate and the mean |i-actin C> values of 
the triplicates were plotted (error bars represent 

r+<»*t«lfifri ri«/ial»nnl 1 hp hlPtu»ftr «liffrrrnc'r 



iH'twiton any iwn sample* moans was 0.95 C,^ Ten 
nanograms of total DNA of each sample were also 
examined for (Vactln. Hie results «guji> .showed 
that very similar amounts of genomic l)NA wcrc 
present; the. maximum mean p actin C, value 
difference wa.s 1.0. Aa figure 3 ahows, the rate of 
(1-actln O r change beiweon the 100 and ■10-ng 
siunples was simitar (slo,>c value.'; rangu butwoan 
3.56 and -3.45). Thix verifies again thfll the 
method of .sample preparation yields satriplos of 
identical PCR integrity (i.o-, no sample contained 
an excessive amuunt uf a PCI* inhibitor). TTnw. 
ever, thcic results indicate thai c«ch sample con 
tatned slight diffciences in the actual amount of 
gwiumlc 1>NA analysed. Determination of actual 
tteijumic oNA umecntration was accomplished 
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Figure 2 Simple preparation purity. 1 he replicate 
samples shown In Table 1 woro also amplified In 
tripicate Rising 2S ng of each DNA sample. The fig- 
oie shows die input DNA concentration (100 and 
2S ng) vs. C, In Ihi* linjnrp. 1hf> 100 and 75 ng 
points for each sample are connected by a line. 



by plot Ling the mean 0*actin O, value obtained 
for «ach 100iig saiupJv uti a ft-acihi standard 
v;urve (shown in J'Sh- 40). Tl* c ^cUrnl genomic 
ONA concent rat of each sumplc, a, was ob 
Utncd by extrapolation In thu 

Figure* \ A shows the measured (!."-, nort- 
normalised) qu<tfiLitie-s "f factor VJJJ pltiMnid 
DNA (pF8TM) from each of the four transient cell 
lr*ri<tfec(iona. Each reaction contained 100 of 
total sample UNA (as tic terminal by UV spectro* 
copy). Vjxch sample w;is analyzed in triplicate.' 
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Figure 3 Analy>h uf lidnsfectcd cdi DNA quantity 
and purity. I he DNA preparations of the four 29.1 
cell transections (40, A, 0.5, and 0.1 jjlcj of pF8TM) 
were analysed for the (3-actln gene. 100 and 1 0 ng 
(determined by ultraviolet spectroscopy) of each 
sample were amplified in triplicate. For each 
amount of pF8TM mat was transfectcd, the (3-aciln 
C T values are plotted versus the total Input DNA 
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! \H\U ;ixnplificatumx. As shown, pt-'STM purified 
,ftoic Jhe 20A cells decreases (mean G, values in- 
emiwtf) with decreasing amounts of plasmid 
.truitoli'Ucd. The mean C*^ values obtained for 
prWM inTlyufC 4A were plotted on a standard 
*-urvc comprised uf sejially diluted pKKTM, 
shown .in figure 4R. The quantity uJ pl-XTM, h, 
found in each of the four transections was de- 
tcrmined by extrapolation to the jt axle of the 
standard curve In l'igurc 4K. Those uncorrected 
values, b, for pKHTM were normall^d t<* del er- 
mine Uic actual amnunt of pJ'81M found per 100 
hk of genomic DNA by using ihe equation:. 

MUX) uctual prBTM eople.1 i>er 

" r 100 ng of genomic* DNA 

whore a - actual -genomic ONA in u sainpic and 
K pl'HTM copies from the standard curve. The 
normalised quantity of pl'fcTM per. 100 ng of ge- 
nomic ONA for each of the four tran.Vfecilon.s Is 
.shown In higure 4JJ. 'Hicse roull* Ahcrw thai the 
Cjunnilty of factor VUl plasund iiwocJated wiili 
the 2V."\ cell.S^ 21 lir after iniMsfvclK'n. ducieuse.'. 
wttli dccrCcislUK pinguid v4Hii.«iUiatiOn used in 
the transection. "Hk: quuntlty of pi'tti'M (wsoej- 
aicu witn Z93 ecllii, aftcT transfectlon whh 40 n»g 
Of piaKinid, was 35 pg per 100 ng genomic 1>NA. 
Tills results in -520 plasnUd copies per cell. 



DISCUSSION 

We have described a new method for cju a nti lut- 
ing gene copy numbers using real-time analysis 
of PCR amplification*. Real-time FCK is compat- 
ible with cJther of the two PGR (HT-PCR) ap- 
pruache>: (1) quantitative compeihivt; where an 
IiHeinu) cuiii|)cllLdr for each target .sequence is 
used for normaliKadon (dalo not shown) or (2) 
quantitative comparative POt using *» luiniirtliM- 
tion gene conlained within the sample (i.e., (3-ac- 
tin) ox a "housttkeeping" gene for RT-JHJK. ff 
equai amounts of nucleic ucul are analyml for 
eacn sample and if the arnpltflcaUun effiurncy 
before quantitative anaiysb o identical for each 
sample, the Hirernai cuiidol (no/malization gene 
ur competitor) should give equal Mgnals for olJ 
samples. 

The real-time PCU method <jffcrs scwml ad- 
vantagca over the other two methods currently 
employed (see the Introduction). 1 : irsl, the real- 
time PGR method is performed in a doscd-tube 
system and requires no pwt-PCR manipulation 

^ r» r» <? nt\ t o%.a -u-v.r a o * f* t f nn t /r*n / -7 t 




From : BML PHONE No. : 310 472 2935 Dec. 05 2022 12:24An P17 



MUD 1.1 \L 



A & 




Figure* A Quantitative analytic of pFSTM in transfccUrd cell*. (A) Amount of 
plasmid DNtA used for I he transaction plotted against the mvon C, value deter- 
mined for pf8TM remaining 2i br alter transaction. (fl,Q Standard curvRs of 
pPRTM and fi-acUii, respectively. prflTM ON A <fl) and genomic. UNA (O were 
dilutftd iftrfally 1;S before amplification with the appropriate primers. The fi-aclin 
standard curva waw used to normalise 'the results of A to 1 00 ruj of genomic DIMA. 
(0) Tho amount of pfSTM present pt:r 100 of genomic DNA. 



of sample. Therefore, Ihf potential for TCH con- 
lamination in the laboratory is reduced because 
amplified products caiu fn» analysed and disposed 
of without opening the refaction lubes. Second, 
this method suppoiU die umi of a iu#riiuiliy..itk>n 
gene (Lc., (i-actin) for quantitative. PGR or house- 
keeping genes for quantitative RT-l J CH controls. 
Analysis Js performed in real time during the Jog 
phase of product accumulation. Analysis during 
k»K phase permits many different genes (over a 
wide input target range) to be analy/cd simulta- 
neously, without concern of reaching renci ion 
plateau at different cycles, Thk will make uiuU!- 
flcn<s analyst away* much castat'tv develop, be- 
cause individual internal luuipeiUui* will nut l>c 
needed for coch gene under analysis- Third, 
oamplc throughput will uiuw Uittnialicctlly 
with the new method because, then* is no poM- 
J'CR processing time. Additionally, linking in a 
96-wcll formal is highly compatible with auto* 
niation technology, 

The real-lime PCR method is highly repr**. 
duciblv. Replicate, amplifications can be analysed 



for «?aeh sample minimising potent Lett error. The. 
sy sutin allows for a very large assay dynamic 
runge (approaching 1,000,000- fold starting tat- 
gel). UmIi*h u MatKlurd curve for the. target oi in* 
terest, relative copy number values can be deter- 
mined (or any unknown sample. Wuortsscent 
threshold values, C, v coneJait-. linearly with rela- 
tive DNA copy numbers. Heal time quantitative 
KT-I'<:H methodology (Gibson ct al., this ijuuet) 
has also been developed. Anally, real Urn* quan- 
titative I'CU methodology can be used tw develop 
high-throughput screen big assay* for a variety of 
applications [quantitative gene CApircoion (RT- 
rCR), gene copy assays (Hcr2, I11V, ClC.)# gcm> 
typing (knockout meu?c analysis), and Inimuno- 

pouj. . ' 

_ Real-time PCU may al.to l>c j^rformcd using 
interval tiling dyes (Hlguchi ct al- 1992) such as 
eiJiidium bromide. The fluorogenic probe, 
method offers a mafor advantage over inter- 
calating dyes— greater specificity (i.e., primer 
dtmvrs and nonspecific PCJR products are. noi de- 
tected). 
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METHODS 

Generation of <i Plasmld Containing a Partial 
cDNA for Human Factor Y1I1 

Tula I HNA w«» harvested (lUNAwl » M'M Tcct, Inc., 
t-nendswood, TX) from cv)l> I .-nafccled w«h a factor VIII 
expression veelor, pC:jS2.tk^l> (Koitm ci ill.* 1VH6; Cor. 
mnn cl al. 1900V A factor VIII partial cDNA wvpientv W(1S 

K o.u.Tn(cd by in* i»r:it KifiioAmp W. tTih ItNA PHI Kit 
(pan NttOK-or/s, rt Applm) Hiosywcms, Pomvi clhy, t;A)] 

uilnp, I he Vi:n piioiufj lVfor mu! 1-*Rrcv (orimer srqueiicrt 
are shown below). Hit- ampllcon was rcamplifiril using 
modified iflfor and Wcv primers lappwufod with K«mIU 
and //mdlll restriction sire sequence* Ht the V wwl> and 
Clonal Into jXiKM- 3Z (Proim'gu tlorp., Mutlwon, Wl)- The 
resulting clmir, pVSTM. was uwil lor transient transfectlon 
oJ" 293 (ills. 



Amplification of Target DNA anil Detection of 
Amplicon Facior VIII Plasmid DNA 

(p>'fri*M) was amplified wlih the |/m»k-ia FHfur 5'-C<;<:- 

<rr< k xiAAtiAUitj At i i crrc-,v and Pttrev .v-a aa< :< rr- 

lUCCCrrOGAJ Citi rAC-iCl-n'.llic function produced w 422- 
tip kc:k produce The fnrwurd primer wan de>h;iied tu icv 
oynl/.e u unique M-ijuviur nmnd lit I he 5' untranslated 
region of Hit: patent uCl52.tk25l> pl«Miml <tud ihcfrforc 
dues not K'WJgnUu <t *'^ amplify the human factor VIII 
gene. Primorfi wore chosen with Uw av*i*1^mf of lh* com- 
puter program Oligo 1<U (National Uiiwcionecs, Inv„ Ply- 
mouth, MN). The human p-actln gene whs amplified with 
Uic ^rijuco (J-tK-liii forward primer S>* -TCACOCIACAt :V( YV 
CCCCATC~yfS.CC A-X and P-actiu reverse piirner .S'-CAC- 
COGAACCXlcriX^rKiCX'JVAJ'CG-.T. The reaction pro- 
nuclei a 2V5-np rCK product. 

Amplification reactions (SO jJ) contained a DNA 
sample, JOX PCR liuffe.r II (a 200 p.M dATP, dCTP, 
dGTr, and 400 |tM dUTP, 4 \v\\i Mg<:i ? , l.X.s Units Ampli 
Tat) r;NA polymerase, 0,5 unit AmpKrnsc iiracti li-fty- 

ci».iyIuM.< {UNO), SO pmok- of each facloi Vlll jtrlmci, unci 15 
pitiulf of uut:)i p actio piling Tha icactlmu uU<» ininlalnccJ 

one of the following (Hen km p™!**.* (ion nw nirh): 
j'»j»r*»h<- A , (i'AW)Ac:crj'fri*c:cut:<rp<;frn , <rriT<n , t: , r- 

GCC7T(TAMRA)p 3' <iud p-nt.-ttn proU- 5 f tTAM)ATC!f^:c;- 
XCJ"AMKA)CCCCCATCCCAT0p-3' where p indicates 
prtAAphnrylMion nnd X indlcfltcs a linker arm nucleotide. 
Reaction In In::* wen- MicmAmp Optical Tubes {part AUfri- 
lx*rNkni OO.a, PcrkJn lUniur) thai wvfv frocted £«t IVrfcl" 
FJnicr) tv pu venl Kght /rom /cflcctlngi Tube cap* were 
slmil.tr in MieroAmp C;nps l>ut specially dwiftiicd to prc- 
ycuI Hfilil svyUvrnis. All <i\ \ \,<- Vi'M o*m/i t iMU»lvlv* wcfO ttup- 
r liv;d hy PK Applied lUofiyat^nu (I^wUt Ct*y, CA) except 
the factor Vlll primerj, wliM* wen* synthralxed al Cenvn 
lech, Inc. (South f»«it Prtincisco, CA). 1'tohe.v ww desj^nod 
iiAhig Ihc OIj£o 4.f) 5oftwore, folluwhiK gtitdclhiev taig- 
i*C5ico in tnc Model 7 700 .sequence Dvurnw hiMiumenl 
manual, briefly, pruhe T„ JjihiIiI he al least 5°C l>igher 
mail rue armvulliut leuiiAfturc u.-»cd during (hrrnial cy- 
rhtigj primers should nut Xwiim m«iIjIv duplexed* wild llu- 
probe. 

'Htc tlieniKtl * yell n g cuudttkuu Included 2 Jiiln M 
50 V C and 10 nii«i at 9S"C. 'nicj-mal cycling proceeded with 



Rl At 1IML QUANIIIAItVI- IXIK 

rc4Ctioiu were performed if n ho Model 7700 .Sequence IX- 
»«ior Apphed Ulusyvleuiw), uihlrh contains a Ccnr- 
Amp l»< :U Systvm POOO. UcatAlon wudhio.^ w<-rf pto. 
grummeU on a hrwvr Macint«»-I* V10f» (Apple Co mm «drr ( 
Santa Qara, C^\) linked diivcily to the Model Wnn 
taucitw Uilffctor. Ana'y*t» «f data w« alw.i iierformi'd on 
the M**'lntfrth compvitcr. f*.oUortUm and analydc tnfiwaro 
w«» deveUi|wl »t IT-' Applied nicKyxiums. 

Transection of Cells with Factor VIII Construe! 

J-Viur T17S nasks of 293 ceils {ATCXl ORL I57*.t) f a human 
fetal kidney iwspention cell line, were ^mwu to 80% con- 
lluem-y and tranifocttd pOTM. Colli wore K"»wu in the 
following medio! S0% HAM'S ¥V1 wlthoiil GUT, Jtr* lt>w 
glucose )XUlHW»'a tnodlflcd Kaxto inediuin (l)MIlM) wltli- 
enn glycine with sodium bicarbonate, 10% ietal bnvine 
seruin, 2 ium L-gluUuiinc, and 1% pcnidlJin-slrcptomy- 
win. The media was dianged 30 mln Mo«. Iho iransfcc 
lion, plWM DNA amounta of 40 f 4, OA, and 0.1 were 
i»Ud«l to 1.S ml of a solution containing m CaCA* 
and Vx IIW'W. The four mixtures were left at rt>om tem- 

pi£rv(«jn- (<» lO min and Oieti iidd^l rlmpwUc- to d»e eclli. 
lite n»>k* ^vieh^uljaled at 37°C and , r .^ i 'X\ for 24 hr, 
washed with PltS, »«U r^u^pended In Pitt. 1'lu 1 K'Kn.i 
p^-mKd eclh were divided intv «U(|u<»l» and DNA WA4 ey- 
trnctcd luiinediutcly living IhvQIAmnp Wi"Ki Kit (QUgen. 
aia(,%m»rti), C«A). 1>NA w».s Hated Into 200 P l of 20 i»w 
1VM1CJ at pll tt.O. 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial and 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-1 and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
Wnt-1, but not by Wnt-4. Together with a third related gene, 
WISPS, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (i) C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressible promoter, and («) Wnt-1 transgenic 
mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q24 j. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2- to >30-fold) in 84% of the tumors examined 
compared with patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to > 40-fold) in 63% of the colon tumors analy2e<L 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to > 30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels of WISP expression in colon 
cancer may play a role in colon tumorigenesis. 



Wnt-1 is a member of an expanding family of cysteine-rich, 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of cell fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3, 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling 
by binding to the seven-transmembrane spanning Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsh) to the cell membrane (1, 2, 6). Dsh then inhibits the 
kinase activity of the normally constitutively active glycogen 
synthase kinase-3/3 (GSK-3/3) resulting in an increase in 
0-catenin levels. Stabilized 0-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and- binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that 
the adenomatous polyposis coli (A PC) tumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
0-catenin levels (9). APC is phosphorylated by GSK-3/3, binds 
to 0<atenin, and facilitates its degradation. Mutations in 
either APC or 0-catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized. Those that have been described 
cannot account for all of the diverse functions attributed to 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Xnr3, a member of 
the transforming growth factor (TGF)-/3 superfamily, and the 
homeobox genes, engrailed \goosecoid, twin {Xtwn\ and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type, we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using RNA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Over- 
expression of Wnt-1 in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated 
and refractile cells that lose contact inhibition and form a 
multilayered array (12, 13). We reasoned that genes differen- 
tially expressed between these two cell lines might contribute 
to the transformed phenotype. 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in Wnt-1 transformed cells, WISP-1 . 
and WISP-2, and a third related gene, WISP-3. The WISP genes 
are members, of the CCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov, a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Select cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transforming growth factor; CTGF, connective 
tissue growth factor, SSH, suppression subtractive hybridization; 
VWQ von Willebrand factor type C module. 
Data deposition: The sequences reported in this paper have been 
deposited in the Genbank database (accession nos. AF100777, 
AF10O778, AF100779, AF1O0780, and AF100781). 
tTo whom reprint requests should be addressed, e-mail: diane@gene. 
com. 
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cDNA was synthesized from 2 jig of poly(A)' i " RNA isolated 
from the C57MG/Wnt-1 cell line and driver cDNA from 2 
of poly(A) + RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP- 1 were isolated by screening a AgtlO mouse 
embryo cDNA library (CLONTECH) with a 70-bp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening AgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
coding full-length mouse and human WISP-2 were isolated by 
screening a C57MG /Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WlSP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDNA was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 of each dNTP at 
94°C for 1 sec, 62°C for 30 sec, 72°C for 1 min, for 22-32 cycles. 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeled sense and antisense ribb- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics, Huntsville, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10 
normal human donors, surgical specimens, and the following 
ATCC human ceil lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HCT 116 (colon 
carcinoma), SK-CO-1 (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line LS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenization in 7 M GuSCN followed by centrifugation 
over CsCl cushions or prepared by using RNAzol. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WfSPs and c-myc in 
the cell lines, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<act) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
a-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The W/S/>-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 



mouse mammary epithelial cell line C57MG and C57MG cells 
that stably express Wnt-1 (11). Candidate differentially ex- 
pressed cDNAs (1,384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo- 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/WM-1 cell line, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. I A and B). Wnt-4, unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 was 
up-regulated approximately 3-fold in the C57MG/Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction. C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline removal (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wnt-i mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fold) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction is correlated with Wnt-1 expression. Because 
the induction is slow, occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Wnt-1 
signaling. 

cDNA clones of human WISP-1 were isolated and the 
sequence compared with mouse WISP-1. The cDNA sequences 
of mouse and human WISP-1 were 1,766 and 2,830 bp in length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ^40,000 (M x 40 K). Both have 
hydrophobic N-terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-Iinked glycosylation sites 
and are 84% identical (Fig. 2A). 

Full-length cDNA clones of mouse and human WISP-2 were 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of -=27,000 (M T 27 K) (Fig. 2B). Mouse and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 

CS7MG 
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Fic. I. WISP-1 and WISP-2 arc induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 {A) and 
WISP-2 (B) expression in C57MG, C57MG/WnM, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 /ig) was subjected to Northern blot 
analysis and hybridized with a 70-bp mouse WISP-l-speciCic. probe 
(amino acids 278-300) or a 190-bp WISP- 2- specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fig. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human WISP-2 (B). The potential 
signal sequence, insulin-like growth factor-binding protein (IGF-BP), 
VWC thrombospondin (TSP), and C-terminai (CT) domains are 
underlined. 

position 197. WlSP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-L 

Identification of WISP-3, To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-l protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1,371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
" human WISP proteins shows that WISP-l and WISP-3 are the 
most similar (42% identity), whereas WISP-2 has 37% identity 
with WISP-l and 32% identity with WISP-3 (Fig. 3A). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-l, WISP-2, and WISP-3 are novel sequences; 
however, mouse WISP-l is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse WISP-2 are homologous to the recently 
described rat gene, rCop-1 (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogen ic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion, 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, similarity to Wnt-1. All are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor' (IGF)- 
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Fic. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-l and WISP-2 that are not 
present in WISP-3 are indicated with a dot. (B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. (C) Expression of 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP-2 
and WISP-3, whereas WISP-l has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the IGF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WISP-3 differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is. involved in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISP-3 was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISP-3 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

In Situ Localization of WISP- 1 and WISP-2. Expression of 
WISP-1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
(Fig. 4 £-//). However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C £, and C) Representative hematoxylin/eosin-stained 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B), 
expression of WISP-1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D), and tumor cells are negative. 
Focal expression of WISP-1, however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power (£ and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and H). 
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the predominant cell type expressing WISP-1 was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human WISP genes was determined 
by radiation hybrid mapping panels. WISP-1 is approximately 
3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q24.3, in the 
same region as the human locus of the novH family member 
(27) and roughly 4 Mbs distal to c-myc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod = 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISP-3 is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB (27, 29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig- 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c-myc, we asked 
whether it was a target of gene amplification, and, if so, 
whether this amplification was independent of the c-myc locus. 
Genomic DNA from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B). Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-29 and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-1 locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene copy number in each colon tumor DNA 
was compared with pooled normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-1 and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISP-3 was indistinguishable from one (P = 
0.166). In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-1 (P < 0.001). 

The levels of WISP transcripts in RNA isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-1 genomic DNA in colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (B) Southern. blots containing genomic DNA (10 /ig) 
digested with EcoRl (WISP-1) or Xbal (c-myc) were hybridized with 
a 100-bp human WISP-1 probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fio. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means * SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). The level of WISP-1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-foid) in 84% (16/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast, in 79% (15/19) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISPS RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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Fig. 7. WISP RNA expression in primary human colon tumors 
relative to expression in normal mucosa from the same patient. 
Expression of WISP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ± SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 
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mucosa. The amount of overexpression of WISP-3 ranged from 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and 
malignant cells have been used to clone differentially ex- 
pressed genes (31). We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-1 , WISP-2, and WISPS, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyr61, and nov, a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracyline-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not. No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (data not shown). These data suggest 
a link between Wnt-1 and WISPs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., 0-catenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-l-transformed cells, hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through /3-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, nov, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-/3, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin a v 03 serves as 
an adhesion receptor for Cyr61 (33). 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
- tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-/31 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wnt-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP- J 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model. 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISPS RN A was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 amplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WISP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and /3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /3-catenin, which presumably contributes to hu- 
man carcinogenesis through the activation of target genes such 
as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 in C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role for these genes 
in tumor development. . 
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methods. Peptides AENKor AEQKwere dissolved in water, made isotonic with 
NaCl and diluted into RPM1 growth medium. T-cell -proliferation assays were 
done essentially as described 10,21 . Briefly, after antigen pulsing (30u,gmr' 
TTCF) with tetrapeptides (l-2mgmr l ), PBMCs or EBV-B cells were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1 M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with T-cell clones in 
round-bottom 96-weU microtitre plates. After 48 h, the cultures were pulsed 
with I p-Ci of 3 H-thymidine and harvested for scintillation counting 16 h later. 
Predigestion of native TTCF was done by incubating 200 u,g TTCF with 0.25 u.g 
pig kidney legumain in 500 u.1 50 mM citrate buffer, pH 5.5, for 1 h at 37 °C. 
Glycopeptide digestions. The peptides HIDNEEDI, HlDN(N-glucosamine) 
EEDI and HIDNESDI, which are based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKK), which is based on human transferrin, 
were obtained by custom synthesis. The three C-terminal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion 
of 5 mg reduced, carboxy- methylated human transferrin followed by 
concanavalin A chromatography". Glycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N- terminal sequencing. The lyophilized transfer rin- 
derived peptides were redissolved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanol. Digestions were performed for 3 h at 30 °C with 
5-50 mUmT 1 pig kidney legumain or B-cell AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lOmgmr 1 a- 
cyanocinnamic acid in 50% acetonitrile/0.1% TFA and a PerSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ion of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent immune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related ESTs that showed homology to the tumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown full- 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (DcR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine -rich domains 
(CRDs). Like one other TNFR homologue, osteoprotegerin (OPG)\ 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, histidine-tagged form of 
DcR3 in mammalian cells; DcR3 was secreted into the cell culture 
medium, and migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown). DcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy- terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant l.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung. In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected, with individual TNF- 
family ligands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL* (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2L/TRAIL 6,7 , Apo3 L/TWEAK 8 * 9 , or OPGLVTRANCE/ 
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RANKL 10 " 12 (data not shown). DcR3-Fc immuno precipitated shed 
FasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
FasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFR1. Gel- filtration chromatography showed that DcR3-Fc and 
soluble FasL formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
FasL with a comparable affinity {K d = 0.8 ± 0.2 and 
l.l±0.lnM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble- FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
—0.1 jig ml" 1 . Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3-Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results 13 , activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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induction of apoptosis to a similar extent. Thus, DcR3 binding 
blocks apoptosis induction by FasL. 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes U4 ~ l \ Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc 
and Fas-Fc each reduced killing of target cells from —65% to 
-30%, with half-maximal inhibition at - 1 u.g ml" 1 ; the residual 
killing was probably mediated by. the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency of membrane-associated FasL compared with soluble 
FasL' 7 . 

Given the role of immune-cytotoxic cells in elimination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumorigenesis, we 
investigated whether the DcR3 gene is amplified in cancer. We 
analysed DcR3 gene-copy number by quantitative polymerase chain 



Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
amino-acid sequences of DcR3 and of osteoprotegerin (OPG); the C-terminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains {CRD 1 -4), and the AMinked gtycosylation site (asterisk) are 
shown, b, Expression of DcR3 mRNA. Northern hybridization analysis was done 
using the DcR3 cDNA as a probe and blots of poly(A)' RNA (Clontech) from 
human fetal and adult tissues or cancer cell lines. PBU peripheral blood 
lymphocyte. 
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Figure 2 Interaction of DcR3 with FasL. a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding full-length FasL (bottom), incubated with 
DcR3-Fc (solid line, shaded area), TNFR1 -Fc (doned line) or buffer control 
(dashed line) (the dashed and dotted lines overlap), and analysed for binding by 
FACS. Statistical analysis showed a significant difference (P < 0.001 ) between the 
binding of 0cR3-Fc to cells transfected with FasL or pRK5. PE, phycoerythr in- 
labelled cells, b. 293 cells were transfected as in a and metabolically labelled, and 
cell supernatants were immunoprecipitated with Fc-tagged TNFR1, DcR3 or Fas. 
c, Purified soluble FasL (sFasL) was immunoprecipitated with TNFR1 -Fc, DcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was 
loaded directly for comparison in the right-hand lane, d, Rag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Ftag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Flag. 
Inset, competition of DcR3-Fc with Fas-Fc for binding to sFasL-Flag. 
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reaction (PCR)" in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
leukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18- fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3 -based PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 1 5 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and I out of 1 gastric tumour (data not shown). A 
section through a squamous-cell carcinoma of the lung is shown in 
Fig. 4c. DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene: is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PCR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

If DcR3 amplification in cancer is functionally relevant, then 
DcR3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 
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Figure 3 Inhibition of FasL activity by DcR3. a, Human Jurkat T leukaemia cells 
were incubated with Flag-tagged soluble FasL (sFasU 5 ng ml" 1 ) oligomerized 
with anti-Flag antibody (0.1 n^rnr 1 ) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl and assayed for apoptosis (mean r s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-Flag.plus anti-Flag antibody 
as in a, in presence of 1 ml"' DcR3-Fc (filled circles). Fas-Fc (open circles} or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c. Peripheral blood T cells were stimulated with PHA and interieukin-2, 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosphate-buffered saline (PBS), human IgGl. Fas-Fc. or DcR3-Fc (10 u,g mr l ). 
After 16 h. apoptosis of CD4* cells was determined (mean * s.e.m. of results from 
five donors), d. Peripheral blood natural killer cells were incubated with 5l Cr- 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 51 Cr (mean ± s.d. for two donors, each in triplicate).- 



we mapped the human DcR3 gene by radiation- hybrid analysis; 
DcR3 showed linkage to marker AFM 21 8xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAG) library a human genomic clone that 
carries DcR3, and sequenced the ends of the clone's insert. We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3 -linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little . or no 
amplification. These data . indicate that DcR3 may be at the 'epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand- family members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG U9 . . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFLIP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 
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Figure 4 Genomic amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c, d, f. g, h. j t k. r). seven squamous-cell carcinomas (a, e. 
m. n. o, p. q), one non-small-cell carcinoma (b). one small-cell carcinoma (i). and 
one bronchial adenocarcinoma (I). The data are means * s.d. of 2 experiments 
done in duplicate, b. Colon tumours, comprising 17 adenocarcinomas. Data are 
means z s.e.m. of five experiments done in duplicate, c. in situ hybridization 
analysis of DcR3 mRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (left) and the corresponding dark-field image 
(right) show DcR3 mRNA over infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S). blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d, Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev and Fwd), the 
DcR3-linked marker T160. and other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.0 1 for a Student's Hest 
comparing each marker with DcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor that 
modulates the function of the cytokine interleukin- 1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TNFR family, DcRl arid DcR2, regulate the FasL- related apoptosis- 
inducing molecule Apo2L". Unlike DcRl and DcR2, which are 
membrane -associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR- family member is 
OPG\ which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L". Thus, DcR3 and OPG define a new subset of 
TNFR- family members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF- family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely, production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. D 



Methods 

Isolation of DcR3 cONA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Ufeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861. 
1789372 and 2207027) showed similarity to members of the TNFR family. We 
screened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the initial clone (data not shown). 

Fc-fusion proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR1, was fused to the hinge and Fc region of human 
IgGl, expressed in insect SF9 cells or in human 293 cells, and purified as 
described". 

Fluorescence-activated cell sorting (FACS) analysis. We trans fee ted 293 
cells using calcium phosphate or Effectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human FasL 4 (2 jig)» together with pRK5 encoding CrmA 
(2p.g) to prevent cell death. After 16 h, the cells were incubated with 
biotinylated DcR3-F.c or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL), and were assayed by FACS. The data were analysed by 
Kolmogorov-Smirnov statistical analysis. There was some detectable staining 
of vector-transfected cells by DcR3-Fc; as these cells express Utde FasL (data 
not shown), it is possible that DcR3 recognized some other factor that is 
expressed constitutive^ on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with [ 35 S]cysteine and ( 35 S| methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-fmk (10u,M), 
the medium was immunoprecipitated with DcR3-Fc, Fas-Fc or TNFRl-Fc 
(5u,g), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified, Flag-tagged soluble FasL (1 n-g) (Alexis) was incubated 
with each Fc-fusion protein (1 u,g), precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblotting with rabbit anti- 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25u,g) was 
incubated with buffer or with DcR3-Fc (40 u,g) for 1.5 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 u.1 aliquots into micro litre 
wells precoated with anti-human IgG (Boehringer) to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M2 (Kodak) and 
streptavidin -horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microti tre wells were coated with anti-human 




IgG, blocked with 2% BSA in PBS. DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL Bound ligand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. 

T-cell A1CO. CD3* lymphocytes were isolated from peripheral blood of 
individual donors using anti-CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 u.g ml"') for 24 h, and cultured 
in the presence of interleukin -2 ( 100 U ml" 1 ) for 5 days. The ceils were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later.by FACS analysis of annexin-V-binding of CD4 + cells 24 . 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with s, Cr-loaded Juxkat cells at an effector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl. 
Target-cell death was determined by release of 5l Cr in effector- target co- 
cultures relative to release of s, Cr by detergent lysis of equal numbers of Jurkat 
cells. 

Gene-amplification analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation fluororaetry. Amplification was determined by quantitative PCR" 
using a TaqMan instrument (ABI). The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER- 2 oncogenes (data 
not shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcRJ gene; alternatively, primers and probes were based 

: on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to DcR3 (likelihood score = 5.4), SHGC-36268 (TI59). the nearest 
available marker which maps to -500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3 -specific primer sequences were 
5'-CTTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5'-(FAM-ACACGATGCGTGCTCCAAGCAG 

. AAp-(TAMARA), where FAM is 5'-fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 (ACT \ where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia coli genome 
sequence revealed that the largest family of paralogous £ coli 
proteins is composed of ABC transporters 2 . Many eukaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprotein (or multidrug-resistance protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC transporters contain four structural domains: two nudeo- 
tide-binding domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate sub units which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain. The 
periplasmic histidine permease of S. typhimurium and E. coli ui ~ l is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP 2 , 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, the ATP-binding subunit, HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM 6 . The two HisP 
subunits form a dimer, as shown by their cooperativity in ATP 
hydrolysis 5 , the requirement for both subunits to be present for 
activity*, and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 3 . HisP has been purified 
and characterized in an active soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex 8 . 

The overall shape of the crystal structure of the HisP monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm 1 (Fig. 1). A six-stranded p- 
sheet (P3 and P8-P 12) spans both arms of the L, with a domain of a 
a- plus p-type structure (pi, P2, 04-P7, al and a2) on one side 
(within arm I) and a domain of mostly a-helices (a3-a9) on the 
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Figure 1 Crystal structure of HisP. a, View of the dimer along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 A. comparable to that of membrane. a-Helices 
are shown in orange and 0-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent in 
a. The (5-strands at the dimer interface are labelled, c, view of one monomer from 
the bottom of arm I, as shown in a. towards arm II, showing the ATP-binding 
pocket, a-c. The protein and the bound ATP are in 'ribbon' and 'bail-and-stick' 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCRIPT 25 . N, amino terminus; C, C 
terminus. 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-cha in -reaction (PCR) method, 
based on fluorescent TaqMan methodology and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of DIMA quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination; it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erbB2) in breast tumors. Extra copies of myc, ccndl and ert>B2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DNA; the largest observed numbers of gene copies 
were 4.6, 18.6 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique wilt make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings. Int. J. 
Cancer 78:661 -666, 1998. 
© 1998 Wilcy-Liss. Inc. 

Gene amplification plays an important role in the pathogenesis 
of various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors. Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et a!., 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in tumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gene(s) in each amplified region. To date, genes known 
. to be amplified frequently in breast cancers include myc (8q24), 
ccnd\ ( 1 1 q 1 3), and erbB2 ( 1 7q 1 2-q2 1 ) (for review, see Bieche and 
Lidereau, 1995). 

Amplification of the myc, ccndl, and erbB2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used to identify 
sub-populations with a worse prognosis (Berns e t ai, 1992; 
Schuuring et al, 1992; 91amon et aL 1987). Muss et al (1994) 
suggested that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy. 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy 



surrounding the link suggested by Slamon et al (1987) between 
erb&2 amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5-10 
jig/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, PCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage rumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product. Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et ai, 1996; Heid et 
ai, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et ai (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et al, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter [FAM (i.e., 6-carboxy- 
fiuorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., 6-carboxy-tetramethyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5 '-3' nucieolytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e.. ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction tube. The use of a sequence detector 
enables the fluorescence spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification. 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et al, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; (ii) the C, (threshold cycle) value used for quantification is 
measured when PCR amplification is still in the log phase of PCR 
product accumulation. This is the main reason why C, is a more 
reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (Hi) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (v) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; (vi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr. 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors {myc, ccndl and er&B2), as well as 2 genes {alb and app) 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 1 08 breast tumors 
were compared with previous Southern-blot data for the same 
samples. 

MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 1 08 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the. 
patients had undergone radiotherapy or chemotherapy. Immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study, if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 1 8 of the same 
patients. 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C x (threshold cycle) is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C t and by using a standard curve to 
determine the starling copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (i.e.. lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4qll-ql3. in which no genetic alterations have been found in 
breast-tumor DNA by means of CGH (Kallioniemi et al, 1 994). 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N*\ and is determined as follows: 



N = ■ 



copy number of target gene (app, myc, ccndl, erbB2) 
copy number of reference gene {alb) 



Primers, probes, reference human genomic DNA and PCR 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4.0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City, CA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems. 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, Micro Amp optical tubes, 
and Micro Amp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et al (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
rig of a standard human genomic DNA (Boehringer, Mannheim, 
Germany) with the same primer pairs as those used later for 
reaUtime quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-40O HR columns (Pharmacia, Uppsala, Swe- 
den) electrophorezed through an acrylamide gel and stained with 
ethidium bromide to check their quality.. The PCR products were 
then quantified spectrophotometrically and, pooled, and serially 
diluted 10-fold in mouse genomic DNA (Clontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10" 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at - 80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 hg). 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
. 10X TaqMan buffer (5 200 uM dATP, dCTP, dGTP, and 400 
uM dUTP, 5 mM MgCl 2 , 1.25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 min at 
50°C and 10 min at 95°C Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for I min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-well microplate). All 
samples with a coefficient of variation (CV) higher than 10% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 7700 
system calculates C, and determines the starting copy number in the 
samples. 
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Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. 



RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients. 
The target genes were the myc, ccndl and erbBl proto-oncogenes, 
and the fi-amyloid precursor protein gene {app), which maps to a 
chromosome region (2 1 q2 1.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et ai. 1994). The 
reference disomic gene was the albumin gene {alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 10 2 copies or as 
many as 10 5 copies. 

Copy-number ratio of the 2 reference genes fapp and alb) 

The app to alb copy-number ratio was determined in 1 8 normal 
leukocyte DNA samples and all 108 primary breast-tumor DNA . 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging 
from 10 3 (A9), 10 4 (A7), 10 3 (A4) to 10 2 (A2) and a no-template control (Al). Cycle number is plotted vs. change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. C, (threshold cycle). The black dots represent the data for standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions (app. 21q21.2; alb, 4qll-ql3) in which no 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (Kallioniemi et ai, 1994). The ratio for 
the 18 normal leukocyte DNA samples fell between 0.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
subject's DNA would have resulted in differential amplification. 

myc, ccnd 1 and erbfl2 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, 18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods". The N value of these samples ranged from 0.5 to 1.3 
(mean 0.84 ± 0.22) for mvc: 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccnd] and 0.6 to 1.3 (mean0.9I ±6.19) forer£B2. Since N values 
for myc, ccnd) and erbBl in normal leukocyte DNA consistently 
fell between 0.5 and 1.6, values of 2 or more were considered to 
represent gene amplification in tumor DNA. 

myc, ccnd 1 and exbB2 gene dose in breast-tumor DNA 

myc, ccnd J and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table I: Extra copies of ccndl were 
more frequent (23%, 25/108) than extra copies of erbBl (15%, 
16/108) and myc (10%, 1 1/108), and ranged from 2 to 18.6 for 
ccnd J. 2 to 15.1 for erbB2, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T133) and non-amplified (Tl 18), 
The 3 genes were never found to be co-amplified in the same tumor. 
erbB2 and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and erbB2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
erbBl copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of erbBl). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

Southern-blot analysis of myc, ccndl and erbBl amplifications 
had previously been done on the same 108 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N 5: 5). However, there were cases (1 myc, 6 ccndl and 4 erbB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc, 
ccndl AND er*B2 GENES IN 108 HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 




<0.5 


0.5-1.9 


2-4.9 


2=5 


myc 

ccndl 

erbBl 


0 
0 

5 (4.6%) 


97 (89.8%) 
83 (76.9%) 
87 (80.6%) 


11 (10.2%) 
17(15.7%) 
8 (7.4%) 


0 

8 (7.4%) 
8 (7.4%) 



reagents and requires relatively large amounts of high-quality 
genomic DNA. which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early-stage tumors, cytopuncture 
specimens or formalin-fixed, paraffin -em bedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in rumors. The method, 
based on real -time analysis of PCR amplification, has several 
advantages over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et ai, 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented by using the enzyme uracil N-glycosylase (UNG) 
(Longo et ai, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA. This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product. Indeed, 
the ABI Prism 7700 Sequence Detection System enables C, to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the Q value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not absolutely necessary, 
since the copy number can be determined simply by comparing the 
C, ratio of the. target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-lime PCR does not require an 
internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
em blots and dot blots) is that is cannot avoid dilution artifacts 
inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only FISH and immunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et ai, 
1996; Slamon et ai, 1989). However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining. 

The results of this study are in agreement with those reported in 
the literature. (/) Chromosome regions 4qll-ql3 and 21q21.2 
(which bear alb and app, respectively) showed no genetic alter- 
ations in the breast-cancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et ai, 1994). (ii) Wc found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns et ai, 1 992; Borg et ai, 1 992). (Hi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were lower than those of ccndl and erbBl amplifica- 
tion, confirming the findings of Borg et ai (1 992) and Courjal et ai 
(1997). (iv) The maxima of ccndl and erbBl over-representation 
were 1 8-fold and 15-fold, also in keeping with earlier results (about 
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Figure 2 - ccndl and alb gene dosage by real-time PCR in 3 breast tumor samples: TU 8 (El 2, C6, black squares), Tl 33 (Gil, B4, red squares) 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only one are shown here. The results are shown in Table II. 



30-fold maximum) (Bems et ai, 1 992; Borg et ai, 1 992; Courjal et 
ai, 1997). (v) The er£B2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et ai, 1995; Deng et ai, 1996; Valeron 



et ai, 1996). Our results also correlate well with those recently 
published by Gelmini etai (1997), who used the TaqMan system to 
measure erbB2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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TABLE II - EXAMPLES OF cm d! GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS' 



Tumor 




ccndl 






alb 




Uccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean 


SD 


Til 8 


4525 






4223 










4605 


4603 


77 


4365 


4325 


89 


1.06 




4678 






4387 








T133 


59821 






9787 






6.03 




61659 


61100 


1111 


10092 


10137 


375 




61821 






10533 








T145 


128563 






7321 






16.34 




125892 


125392 


3448 


7762 


7672 


316 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Uccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR. (vi) We found a high degree of concordance between 
real-time quantitative PCR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(>5-foldj. The slightly higher frequency of gene amplification 
(especially ccndl and erb&2) observed by means of real -time 
quantitative PCft as compared with Southern-blot analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PCR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysomy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene. 
It is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et ai, 1992; 
Slamon e/ a/., 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (17q21) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre -neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment. Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time. It should find a place in routine clinical 
gene dosage. 
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